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The articles Stbah and Stsam-Engine in the 
former edition of the EDcycIopiedia Britannica, were 
written by Dr RoBisoK. The college compaDion of 
Jambs WATTbecamethehistorianofbisachieTemcntt, 
the expounder of inrentionB of which he had dooely 
watched the ori^n and progress. His arUcles are 
distinguished by that clearness of conception, close- 
ness of reasoning, and gracefolDess of style, which 
entitle him to be ranked among the soundest and 
most accomplished of those authors who hare con- 
tributed to the advancement of mechanical science. 
These articles have long fonned the standards of our 
knowledge, and are still the fountun-head to which 
we resort for information. To Sir David Brewster we 
are indebted for the publication of certain contribu- 
tions to these original articles, which hare enhanced 
their value : to his edition of Dr Robison's works, Mr 
Watt himself undertook to contribute notes and addi- 
tional matter, and thus became at once the historian 
of his own inventions and the commentator on the 
writings of his early friend. 

Thus, the friendship of these two distinguished 
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individuals* commencing with the warmth of youth- 
ful companionship, continuing through the vicissi- 
tudes of lives longer than the usual term of humanity, 
and descending into their graves — is embalmed in 
these their joint contributions. It appeared to the 
writer of these pages, that he could not better dis- 
charge the duty devolved upon him, in accepting 
the responsibility of the articles Steam and Steam- 
Engine, in the seventh edition of the Encyclo- 
paedia Britannica, than by retaining as much of 
those original contributions of Robison and Watt 
as could consist with the present advanced state of 
knowledge and practical art. Considerable portions 
of them are, therefore, presented to the reader exactly 
as they came from the pens of Robison* and .Watt,t 
distinguished by their names or the accompanying 
marks; and to these valuable gems his own contribu- 
tions serve only as the mere " setting" required to 
connect them with the now extensive structure of 

4 

practical science. 

In the joint lives and labours of Robison and Watt, 
we open one of the brightest pages of the '' friendships 
of philosophy " — intellectual prowess was in them re- 
markably conjoined with the virtues and amiabilities 
of social life, and it is difficult to say, whether we 
more admire the philosopher, or love the man. Akin 
to these feelings appear to have been the sentiments 
with which through a long life they regarded each 
other. Fortunately, the records of these sentiments 



fttill exist in noti^ces written by tfaemaelres. Robison's 
sketch of Watt is already before tlie public ; but we 
hare now the pleasure of presenting to our readera* a 
companion sketch of Robison drawn by Watt himeelf, 
which we owe to the kindness of Sir John Robison, 
and which, in April 180&, was addressed by Watt to 
the widow of the departed friend of bis yoath.. 

Mil Watt's Sketch of Dr Robison. 

" Our acquaintance began in 1756-7) (Mr Robi- 
son being then Bcrenteen,) when I was employed 
by the University of Glasgow to repair and put in 
order some astronomical instruments, bequeathed to 
the University by Dr Macfarlane of Jamaica — Mr 
Robison was then a very handsome young man, and 
rather younger than me. He introduced himself to 
me, and I was happy to find in him a person who was 
so much better informed on mathematical and philo- 
fiophical BtAjects than I was, and who, while he was 
extremely communicative, possessed a very clear 
method of explaining bis ideas. Between two young 
bien of ardent minds engaged in similar pursuits, a 
friendship was soon formed, which has continued 
until death has deprived me of my friend, and has 
suffered no other interruption than what has been 
caused by our absence fiom each other, and the ne- 
cessaty attention to our respective duties in life. 
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Soon after this, I settled as mathematical instrument 
maker in t;he college of Glasgow, and was favoured 
with Mr Robison's company until he left the college, 
about the end of 1758, and went to sea — I believe in 
one of his Majesty's ships. 

*^ During this period, he turned my attention to 
the steam-engine, a machine of which I was very 
ignorant, and suggested that it might be applied to 
giving motion to wheel carriages, and that for that 
purpose it would be most convenient to place the 
cylinder with its open end downwards, to avoid the 
necessity of using a working beam. The latter idea 
he had published some time before in the Universal 
Magazine. — In consequence, I began a model with 
two cylinders, of tin plate, to act alternately by means 
of a * * * acting on two pinions attached to the axes 
of the wheels of the carriage; but the model being 
slightly and inaccurately made, did not answer ex- 
pectation. New difficulties presented themselves; 
both Mr Robison and myself had other avocations 
requiring our attention, and neither of us having then 
any idea of the t^ue principles of the machine, the 
scheme was dropped. I, however, went on with some 
detached experiments on steam until 1763, when I 
set about the matter more seriously, and discovered 
the principles upon which my improvements on the 
steam-engine were founded." 

Beside this we place the following extract from the 
Eloge of Watt ; being — 



Dr Robison's Sketch of Young Watt in His 
Workshop. 

" When I was as yet a young student, I had the 
vanity to think myself a pretty good proficient in 
my ferourite stncUes of mathematical and mechanical 
philosophy, and, on being introduced to Watt, was 
rather mortified at finding him so much my superior. 
Whenever any of us stumbled on a difficulty, we 
went to Watt ; he needed but to be prompted ; every 
thing became to him the beginning of a new and 
serious study, and we knew that he would not 
quit it till he had either discovered its insignificancy 
or made something of it. . . . On one occasion, 
the solution of a problem seemed to require the 
perusal of Leupold's Theatrum Machinarum — 'and 
Watt forthwith learned German; at another time, and 
for a similar reason, he made himself master of Italian. 
. . . when, to the superiority of knowledge which 
every man confessed, is added the naive ^mplicity 
and candour of Mr Watt's character, it is no wonder 
that the attachment of his acquaintance was strong. 
I have seen something of the world, and am obliged 
to say, I never saw another such instance of general 
and cordial attachment to a person whom all acknow- 
ledged to be their superior. But this superiority was 
veiled under the most amiable candour and liberal al- 
lowance of merit to every man — Mr Watt was the first 
to ascribe to the ingenuity of a friend, things which 
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were very often nothing but his own surmises, followed 
out and embodied by another. I am well entitled to 
say this; having often experienced it in my own case." 

Below this sketch Mr Arago has written a note, to 
which we shall every one subscribe: — " It is difficult 
to determine whether the honour of having uttered 
these last words is not as great as that of having in- 
spired them'' — and, with both sketches before us, we 
are equally left in doubt whether each were not fully 
entitled to all the encomiums his friendship has passed 
on the companion of his youth and the unchanged 
friend of declining age. 

In the present articles, it has been the author's aim 
to add to all that Robison had originally said of 
Watt's invention, what he would have required to add 
if he had lived to witness its present extended use, its 
multifarious applications, its varied forms, its modifi- 
cations in materials and construction. In all else — ^^in 
principles, in useful effect — little has been added, 
though much has been changed since the machine 
came out of the hands of the original inventor. The 
author has to regret the inadequacy of his work to 
the design which he had formed, and its defects, even 
when compared with his own standard of excellence. 
Unfortunately the duties of a laborious profession 
allow him little leisure for literary exertions, He has^ 
however, endeavoured to place before the reader, in a 
simple form, all the most important information which 
many years of research and of practical experience in 



a faroorite subject bave placed in liia possesBion ; and 
the reader who is familiar with the subject will readily 
discover that he has read and thought for himself, 
and that his errors, if many, are at least his own. 
In one point he trusts he has iiicilitated the pn^ress 
of the student. While giving the general reasoning of 
complex calculations, he has endeavoured to disembar- 
rass them as much as possible of that parade of 
calculus which exhibits the author at the expense of 
the reader; and rather to present their results in that 
simple form in which alone great truths present them- 
selves to those who thoroughly understand them. Id 
treating an extensive subject in a limited space, he has 
also preferred to present general truths, rather than 
to enlarge upon minute details and multi&rions 
definitions, which often lead the reader to imagine he 
understands a subject when he only remembers the 
technical phrases in which it is conveyed, having ac- 
quired nothing more than that species of mere word- 
knowledge deplored by Bacon — 



It is further necessary, that the intelligent reader 
who shall happen to compare these articles with any 
other treatises that may have recently appeared, 
should be apprized that a great part of them was 
written a considerable time ago, and that the com- 
mencement was actually in the press two years before 
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the present date of publication ; its alphabetical place 
in the Encyclopaedia, and other impediments, having 
delayed its appearance till now. 

The author would be unjust to the editors of the 
Encyclopaedia Britannica did he not acknowledge the 
benefit this article has derived from their supervision. 
The multifarious duties of his profession, and pro- 
longed absence from home and on the Continent5 
have in a great measure precluded his own supervi- 
sion of the press. To them belong at once the merit 
and the responsibilities of the active editorship of 
these articles. 

The literature as well as the science of steam navi- 
gation is still very imperfect; and this article can only 
foe considered as contributing some materials towards 
a treatise on that subject. Imperfect though it be, 
it contains the results of many years of laborious re- 
search and personal examination and experience. The 
historical statements are made on the highest autho- 
rity, the oral or written testimony of eye-witnesses, 
of the facts communicated to the author. The 
generalized facts of the latter part represent the qua- 
lities and performance of the chefdPceuvres of the best 
constructors, in most cases ascertained personally by 
the writer in his own experience, or directly communi- 
cated. Where he has committed errors or omissions, 
he will gratefully receive correction — especially from 
any kind readers who may happen to be acquainted 
vith the nierits of any one who has contributed to 




the advancement of steam navigation, and of whose 
achievements the author has the misfortune to be 
ignorant. 

Many of the valuable drawings ^m which the 
plateswereengravedjhave been contributed with great 
kindness by the engineers whose work they are, and 
whose names they honour. 

The reader who consults an arUcle of an Encycto- 
peedia, will not expect to 6nd every thing said con- 
cerning every one of the subjects that are within its 
Utle. The following memoiandum may be of service 
to the reader whom these pages may inspire with the 
wish to know more of the subject. 

Mr.Farey's large quarto volume on the steam- d""^ 
engine, is the most satisfactory work ever published 
on those departments of the subject which it compre- 
hends; but unfortunately the work is still incomplete. 

Mb Stuart's historical writings on the steam-en- ^^^ 
gine are well worthy of perusal. His research has 
been unwearied, and, although microscopic critics 
have detected minute errors, he is in general most 
trustworthy. 

M. De Pampbour's treatise, and Mr Bobbrt Ste- ^^ 
fhenson's, contain clear descriptions and excellent 
experiments on the application of the steam-engine to 
railway transit. 

Ma Gordon's " Treatise on Elemental Locomo- *-^ 
tion," gives an interesting account of almost all that 
has been done for the introduction of carriages pro- 
pelled by steam on common roads. 
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*^ Tredoold's Treatise on tbe Steam-Engine," 
contains several interesting tracts and many valuable 

« 

plates. 

Besides these, the engineer's library on steam now 
contains above a hundred volumes, for the titles of 
which he may consult bibliographical works. He 
will find interesting discussions, valuable facts, and 
ingenious devices in steam, spread through the journals 
of the last thirty years — especially in the transactions 
of the Royal Societies, the Philosophical Magazines, 
the Mechanics' Magazine, the Patent Registers, and 
Nautical, Railway, and Engineers* Journals ; — from 
all of which the author has obtained much valuable 
information. 

Virginia House, Greenock, 23d April 1841. 



The publishers have to add, that the history of 
Steam Navigation in this volume is not the same as 
that printed in the Encydopcediay which is the contri- 
bution of another writer ; and that, in order to render 
the volume on the application of steam as complete as 
possible, they have added the account of the Loco- 
motive Steam- Engine, from the Treatise on Rail- 
ways by Lieutenant Lecount. 
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The artidea Steah and Steam-engine in the En- 
cyclopiediti Britaniuca, were originally written by Dk 
BoBisoR, and were long the atsndards of reference 
upon these subjects. The ri^id progress of science and 
of the mechanical arts during the present century, has 
now rendered it necessary to substitute for these articles 
those maturer results of recent research, to the attain- 
ment of which the original papers were themseivea the 
means of very materially conducing. The value of these 
orig;inal researches was further enhanced by passing 
through the hands of the man of all others the most ca- 
pable of appreciating their value, and the best qualified 
to increase it by hia contributions. It was the early &iend 
and companion of Professor Robison, Mb Watt himself, 
who, towards the close of his life, and notwithstanding 
the laborious nature of the undertaking, agreed to revise 
those articles for republication, so as to present them to 
the public with somewhat of that greater completeness 
which it is to be presumed their author wonld himself have 
conferred upon them, had he lived to see the investigations 
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which he had begun, carried forward and completed. Mr 
Watt was, however, prevented by the weakness of increas- 
ing years from doing more than adding notes to these 
articles, and they were accordingly printed in that form ; 
but they contain a most interesting chapter of the history 
of inventive genius, for they give us, in Watt's own words, 
the history of the progress and consummation of his own 
noble inventions, and display the efforts of genius work- 
ing its way through the obscurities of imperfect knowledge 
to the discovery of pure truth and the achievement of the 
most exquisite combinations. 

While, therefore, it was impossible to retain the articles 
themselves, it was highly desirable that all that had ren- 
dered them valuable should be retained, and more espe- 
cially such portions as serve to record the state of the 
mechanics and physics of steam at that time, and the pro- 
gress of the invention; and these, together with the 
notes of Mr Watt, it has been thought better to give in the 
precise words of the original, than to transpose them into 
language which could neither be more clear nor more ap- 
propriate than that with which their authors had invested 
them. Such portions of the articles on steam and the 
steam-engine, as have been in this manner retained, are 
distinguished by an appropriate mark. Paragraphs from 
the pen of Dr Robison have a star * placed at their com- 
mencement ; those of Mr Watt, in like manner, have a 
cross f . To all that was interesting and valuable in the 
original articles, an attempt has been made to superadd 
whatever subsequent labour and research may have 
brought to light. 



OBIGIN OP STEAM — COLOCB, 3 

Section I. — comsedekations of a oeneraij natuse 

a THE FBOFERTIES, PHENOMENA AND AFFU- 
S OF STEAM. 



1. * Steam is the name given in our language to the 
Tiaible, moist vapour which arises from all bodies which 
contain juices easily expelled &om them b; heats not suffi- 
cient for their combustion. Thus we say, the steam of 
boiling water, of itialt, of a tan-bed. It is distinguished 
from smoke by its not haring been produced by combus- 
tion, by not containing any soot, and by its being conden- 
sible by cold into water, oil, inflammable spirits, or liquids 
composed of these. 

2. • We see it rise in great abundance from bodies 
-when they are heated, forming a white cloud, which diffiises 
Itself and disappears at no very great distance ftxim the 
body from which it waa produced. In this case the sur- 
rounding air is found loaded with the water or moisture 
which seems to have produced it, and the steam seems to 
be completely soluble in air, composing, while thus united, 
a transparent elaetic fluid. 

3. " But, in order to its appearance in the form of an 
opaque tehite cloud, the mixture with or dissemination in 
air seems necessary. If a tea-kettle boils violently, so that 
the steam is formed at the spout in great abundance, it 
may be observed, that the visible cloud is not formed at 
the very mouth of the spout, but at a small distance before 
it, and that the vapour is perfectly invisible at its first 
emission. This is rendered still more evident by fitting 
to the spout of the tea-kettle a glass pipe of any length, 
and of as large a diameter aa we please. The steam is 
produced as copiously as without this pipe, but the vapour 
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is transparent and colourless throughout the whole of the 
pipe. Nay, if this pipe communicate with a glass vessel 
terminating in another pipe, and if the vessel be kept 
sufficiently hot, the steam will be as abundantly produced 
at the mouth of this second pipe as before, and the vessel 
wiU remain quite transparent. The TisibUity, therefore, 
of the matter which constitutes the steam is an accidental 
circumstance, and appears to require its dissemination in 
the air ; and we know that one perfectly transparent body, 
when minutely divided and diffused among the parts of 
another transparent body, but not dissolved in it, makes a 
mass which is visible. Thus oil beaten up with water 
makes a white opaque mass. 

4. If the column of steam which ascends from a boiler 
that is suddenly opened, be observed in a clear dry day, 
when the sun is shining, the column of vapour, gradually 
widening as it rises, will be observed to be of a very bril- 
liant silvery white, and will cast a strong dark shadow 
upon the objects which it intercepts from the direct rays 
of the sun : but, if the observer be placed in this shadow, 
the sun will appear to him to be of a strong tawny, or 
fiery red colour, or, if the column be very dense, the sim 
will be invisible. These appearances closely resemble 
some phenomena of the clouds, which we know are com- 
posed of watery vapour, and which sometimes appear of a 
fleecy white, again of a fiery red or a biunished gold 
colour, or again of a dappled grey, down through every 
degree of darkness, until the vapour become so dense and 
opaque as altogether to obscure the light of the sun by a 
thick black cloud. These appearances have been satisfac- 
torily accounted for. Steam, in its attenuated state, is a 
transparent, invisible, colourless gas. When disseminated 
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throug^h the tur in excessive quantitiea, amall globules are 
formed, of a film of water, enclosing light vapour. These 
globolea, floating thickly in the air, form an aggregation 
of minute films of fluid, capable of reflecting and traas> 
mitting light. When we are so placed that the light may 
he reflected to us, and when the cloud is so thick as to 
reflect it completely, we have the same brilliant white 
which results &om the comminution of glass, rosin, ice, 
and other transparent media ; and, at the same time, an 
observer, placed on the opposite side of the cloud, sees it as 
s dense black opaque mass, because the light being totally 
reflected, none of it can be transmitted to him. The richer 
colours transnutted by thinner strata of vapour are thus 
noticed by M. Leopold Nobili of Reg^o, " The tints 
exhibited by the clouds in every variety of aspect are al- 
most all comprised in Sir Isaac Newton's first ring, (the 
white, yellow, orange, red ; or the blood, tawny, copper, 
ochre, and fire red, and violaceous red, or No. 1-12 of 
Mr Nobili's scale.) Tints of tliis kind do not arise from 
re&action and diffraction, they are produced only by meant 
of thin plates. Now the measurements of Sir Isaac New- 
ton have shown what are the dimensions of the layers of 
MT, of water, and of glass, which produce the colours of 
the several rings ; and, as we know that the vesicular 
vqmura are formed of water, and that they do not reflect or 
transmit any other tint, we may conclude that their exter- 
nal film ia in no case thicker than ten millionth -parts of 
an inch. This result appears to mc to be so decidedly cer- 
tain as to be entitled to a place in science." It was to the 
effect of ibin plates on light that Newton referred the 
colours of all bodies ; and the accounting for the rich 
golden hues of the clouds, and the fiery red colour of light 
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passing tlirough dispersed steam, by the effect of the thin 
plates of water enclosing the rapoury spheroids of pure 
steam, must be regarded as one of the most satisfactory 
applications of his theory. (See Optics*) Ency. Brit. 

5. A very singular phenomenon takes place, if the flame 
of a candle or lamp be held below a jet of steam, as it 
issues from the mouth of a small pipe ; the steam instantly 
ceases to be visible. In this case, one of two changes 
may be conceived to take place, either or both of which 
account for the permanent invisibility of the vapour : the 
intense heat of the flame may disperse the particles to 
such a distance, that there does not remain in a given 
space a sufficient number to form a vesicle of vapour, and 
it therefore remains diffused in combination with the air, 
which always holds a large quantity of invisible vapour, 
especially at high temperatures ; or the vapour may be 
decomposed by the flame into the permanent and invisible 
gases of which it consists, which may again become com- 
bined, to a certain extent, with the burning substance, and 
support the flame. 

6. * When steam is produced, the water gradually 
wastes in the tea-kettle, and will soon be totally expended 
if we continue it on the fire. It is reasonable, therefore, 
to suppose that this steam is nothing but water, changed 
by heat into an aerial or elastic form. If so, we should 
expect that the privation of this heat would leave it in the 
form of water again. Accordingly, this is fully verified 
by experiment ; for, if the pipe fitted to the tea-kettle be 
surrounded with ice, or any cold substance, no steam will 
issue, but water will continually trickle from it in drops : 
and if the process be conducted with the proper precau- 
tions, the water which we thus obtain from the pipe will 
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be ibund equal in quantitif to that which disappears from 
the tea-kettle. Stestn ia therefore the matter of water, 
converted bj beat Into ao elastic yapour. 

7. St«am, water, and ice, are three conditions of the 
same substance, which it assumes under different circum- 
stancesofheatandof external pressure. In each condition it 
obeys lUffcrent laws ; as a soUd, ice obejs the laws of the 
mechanics of solid bodies : in Russia it is quarried like 
rock, and is used for building houses and paving ways ; it 
ia cast into moulds for domestic piu'poaea, like iron or lead ; 
it is ptunted like alabaster, and cbiseUed like marble : as a 
liquid, water is the exemplar of the hydrostatical laws of 
all fluids : as a Tapour, it obeys the laws of aerostatics ; 
and we now know that steam is, in all respects, similar in 
its constitution and phenomena to all other elastic fluids 
or gases. If we apply beat to a bar of extremely cold ice, 
it expands like other solids with heat, gradually elongat- 
ing with its increased temperature, its particles receding 
from one another by the repulsive action induced upon 
them by the entrance of caloric between them, the 
cohesion of the particles becoming less and less, until at 
last, if the beat be continually thrown in, the cohesion of 
the particles is altogether overcome, they lose their ag- 
gregation, they become separable without efibrt, and, fall- 
ing to pieces, t!ie bar of ice loses its form and subsides 
into water. When thus melted, the water being placed 
in a vessel, and having beat applied to it, will, like other 
fluids, continue to expand from its point of greatest den- 
sity, and will increase In bulk nearly one-twentieth by 
about 1 72° ; but at last the entrance of so large a quantity 
ai heat wUl produce a repulsive force between the par- 
. neles BO strong as to cause them suddenly to spring apart 
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from one another, so as to recede to a distance twelve 
times as far asunder as in the state of water, and they 
hare now assiuned the aerial condition of gas or vapour, 
and constituting steam, occupy 1728 times their origi- 
nal space. The ice passing into the condition of water, 
is said to be liquefied, and the heat necessary to convert 
ice into water is called the caloric of liquidity of ice, 
or the caloric of condition of water ; when water is con- 
verted into steam, the quantity of caloric necessary for this 
purpose is called the calorie of vaporization of water, 
or the caloric of elasticity of steam, and the water 
is then said to boil or evaporate^ This process may be 
reversed. If the steam have been collected in a close re- 
ceptacle, it may be squeezed by external compression into 
its original bulk, or by cooling the outside so as to 
withdraw the caloric of elasticity from between the par- 
ticles, they may be allowed to come together by the at- 
traction of cohesion, and, resuming their original proxi- 
mity to each other, appear once more in their former 
condition of water, and in this case the vapour is said to 
be condensed ; and if the process of abstraction of caloric, 
with sufficient pressure, be continued, the liquid particles 
approaching each other, will gradually contract the bulk 
of the mass, and iat a certain point will take again the 
original character of ice, and the liquid is then said to 
be congealed or frozen. The same particles of matter do 
" thus in turn play many parts.** 

Ice melts and becomes water by increment of heat. 

Water evaporates into steam by increment of heat. 

Steam is condensed into water by decrement of heat. 

Water congeals into ice by decrement of heat. 

8. These phenomena are not confined to one sub- 
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ttance : m&Dj substances, apparently the most refractory, 
Lave been melted and again congealed, while other sub- 
stances which had never been observed in any other form 
than that of transparent air or invisible gas have been 
condensed by the expedients of modem artifice into Uquids 
heavier than wat«r, and have even been congealed into 
hard and strong solids. To so great an extent has this 
taken place, that yie are now almost warranted in dedu- 
cing, &om a wide induction of facts, the following generaJi- 
zation ; that all bodies assume the solid, liquid, or gaseous 
condition, according to the accidents of temperature and 
pressure under which they happen to be placed ; and that 
it is merely &oin the circumstance of their being more 
ordinarily found, at the present temperature of the earth 
and under the weight of our present atmosphere, in one of 
these states rather than another, that some substance* 
have been characterised and distingiushed, and classed as 
permanent solids, liquids, or airs. We now speak of ice 
only as frozen water ; but had we lived under a tempera- 
ture such as that which the inhabitants of the planet 
Jupiter, at their distfuice from the sun, may be conceived 
to endure, we should have spoken of swallowing melted 
ice as we now speak of molten lead, and a separate name 
for melted ice would have remiuned unknown ; or, if we 
conceive, in like manner, our air to be withdravm, and the 
temperature of the earth riused above 212°, we should 
then have moved under an atmosphere of steam of the 
same pressure as at present, transparent and colourless, 
and might only have heard of water as a curious substance 
obtained from the compression of the air. The phenomena 
of steam are much simplified and more perfectly ezpluned 
when we take this enlarged view of its analogy with other 
kinds of matter. 
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9. We are most familiar with steam when in the act 
of rising violently from heated water in the process of 
ebullition* The history of steam at this crisis is highly 
instructive, and its phenomena may be studied with advan- 
^S^ by examining it in a glass vessel placed over a strong 
lamp. When heat is first applied, a rapid circulation of 
the fluid ensues. The water on the bottom, being first 
heated and expanded, becoming lighter than the rest, rises 
to the top, and is replaced by the current of colder water 
descending to receive in its turn a further accession of 
heat. By and by, small globules of steam, formed on the 
bottom and surroimded by a film of water, are observed 
adhering to the glass ; as the heat increases they enlarge; 
in a short time several of them imite, form a bubble larger 
than the others, and, detaching themselves from the glass, 
rise upwards in the fluid. But they never reach the sur- 
face ; they encoimter currents of water still comparatively 
cold, and descending to receive from the bottom their sup- 
ply of heat, and encoimtering them, the bubbles are robbed 
of their heat, shrivel up into their original bulk, and are lost 
among the other particles of water. In a short time the 
mass of the water becomes more uniformly heated ; the 
bubbles, becoming larger and more frequent, are con- 
densed with a loud crackling noise ; and at last, when the 
heat of the whole mass reaches 212°, the bubbles from the 
bottom rise without condensation through the water, swell 
and imite with others as they rise, and burst out upon the 
air in a copious volume of steam, of the same heat as the 
water from which they are formed, and pushing aside the 
air, make room for themselves. In this process, by con- 
tinuing the application of heat, the whole of the water 
may be " boiled away " or converted into steam. 

10. The singular sounds produced from a vessel of 
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vraiei exposed to heat, previously to boiling, hare at- 
tracted attention ; the water is then vulgarly said to be 
simmering or singing ; and, when this takes placet it is 
because the vessel is boiliog at one place and compara- 
tively cold at another. This noise is most distinctly heard 
when the fire or fiame applied is small, and its heat in- 
tense, when the vessel is large and the water deep ; for io 
that case the entrance of the caloric will take place more 
rapidly than the circulation can convey it to the remote 
particles of fluid, and so bubbles of steam will form rapidly 
at one place and be rapidly condensed at another ; the de- 
gree of velocity with which such bubbles succeed wlU de- 
termine the pitch of the singing tone- We have observed 
this phenomenon in greatest perfection when we have at- 
tached a slender pipe to a close boiler producing steam, 
and carried its open mouth, of the diameter of j^ or -j^ of an 
inch, down below the sui-face of cold water in a glass 
jar. When the mouth of the steam-pipe is held just below 
the surface of the water, the steam isaues with great 
rapidity in small bubbles, producing an acute tone ; and> 
on the other hand, when the pipe is held at a con- 
siderable depth, the concussions become more violent and 
louder, their intervals of succession greater, the tone b 
lowered, and finally, the shocks become detached, and so 
violent as to shake the glass and surrounding objects 
with much force. On this subject Professor Roblson 
observes, that a violent and remarkable phenomenon ap- 
pears, if we suddenly plunge a lump of red-hot iron into 
a vessel of cold water, taking care that no red part be 
near the surface. If the hand be now applied to the 
side of the vessel, a most violent tremor is felt, and 
sometimes strong thumps ; these arise from the collapsing 
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of very large bubbles. If the upper part of the iron be 
too hoty it warms the surrounding water so much that 
the bubbles from below come up through it uncondensed, 
and produce ebullition without concussion. The great 
resemblance of this tremor to the sensation which we ex- 
perience during the shock of an earthquake, has led many 
to suppose that the latter is produced in the same way ; 
and their hypothesis, notwithstanding the objections which 
we have elsewhere stated to it, is by no means unfeasible. 
Any obstruction on the bottom of a boiler, on the inside, 
as a piece of metal or stone introduced among the water, 
may produce a succession of smart concussions, by the 
sudden condensation of gas collected under it. 

11. The permanence of the boiling point is one of the 
most remarkable of the phenomena of ebullition. When 
water has once been brought to boil in an open vessel, it 
is not possible to make the water sensibly hotter, however 
strongly the fire may be urged or its intensity increased. 
This circumstance is very striking, because we know that 
heat continues to be thrown in exactly as fast as before 
the boiling point, and that in that case the heat rose 
rapidly, whereas now it has altogether ceased to increase. 
If a thermometer of mercury, air, oil, or metal be placed 
among the water, the temperature will constantly increase, 
and expand the matter of the thermometer, until the water 
boils 5 and then, whether it boil slowly or rapidly, with a 
strong fire or a gentle one, the thermometer will continue 
to stand at the same point. This point is so well defined, 
as to furnish our standard for the comparison of tempera- 
tures, and is the same on all thermometers, being called 
the boiling point, although it is differently nimibered on 
each, being called 212^ on our common thermometer or 
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Falirenlieit's, 80° on Reaumur's, and 100° on the centigrade 
tiennonjeter. 

It is also to be remarked, that tie temperature of the 
steam issuing &om boiling water is the same with the tem- 
perature of the water itself, and remans equally invariable ; 
so that all the steam produced from water boiling at 212° 
is itself at 212°. This remark will assist us in accounting 
for the disposal of the heat which the fire gires out dmnng 
the time of ebullition ; for it is manifest that the heat is 
all the while carried off by the large volumes of steam, at 
a temperature of 212°, tliat are diffused through the air ; 
and so it happens that an increase of heat in the fire, 
instead of increasing the heat of the water, only increases 
the volumes of the steam throvm off, and the quantity of 
heat carried away. This view of the subject is confirmed 
by a simple experiment. Take a strong glass flask, place 
water in it, and a thermometer among the water, and let 
it be held over a lamp until the water boil, and the ther- 
mometer will be observed rising till it reach 212°, when 
the steam will begin to escape rapidly from the neck of 
the flask. Let it now be corked tightly, and the heat con 
tinually applied ; and it wiU be observed that the thermo- 
meter does not now stand at 212°, but rises rapidly from 
that point up to 220° and 230°, showing that the free 
escape of the steam into the open air is necessary to the 
permanence of the boiling point. If the heat be still ap- 
plied, the experiment may be rendered still more instruc- 
tive, by suddenly pulling out the cork of the flask, when 
the vapour will instantly rush out in a large volume, and 
the thermometer sink down to 212°, showing that all the 
excess of heat has been carried off by the steam into 
thewr. 
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12. We have thus seen that a large quantity of heat 
may be given out to the particles of a certain quantity of 
water, converting them into steam, and yet that the ther- 
mometer shall afford no indication of this quantity. As 
soon as water boils, the whole mass is heated up to 212°; 
and although the same heat that produced the ebullition 
be still continually applied, and although we know that 
this heat must be continually entering into the water, still 
it is not detected, or in any way exhibited by the thermo- 
meter. On this account, the heat given to water during 
ebullition is said to become latent, or lie hid from the 
thermometer ; and, indeed, the thermometer merely in- 
dicates the intensity of heat, the calorimeter alone can 
measure its quantity. The quantity of heat given out to 
water after it has begun to boil, is more than five-fold that 
which is sufficient to bring it from the freezing up to the 
boiling point ; for, if we continue the fire with the same 
intensity that was used in bringing it to boil, it will require 
more than five-fold that duration and quantity of fuel to 
boil all the water away, or convert it all into steam of 212° 
of heat. Thus the sensible heat, added from 32°, will be 
180°, and that latent in the steam is more than five-fiold ; 
or, in other words, the insensible caloric in steam is five- 
fold its sensible heat ; or the same quantity of matter in 
the condition of steam at 212°, and of water at 212°, will 
hold different quantities of caloric, in the proportion of 
about 6 to 1. This is called the greater capacity of steam 
for caloric than of water for that substance ; and it is in 
part accounted for, by the greater distances of the par- 
ticles of the matter of steam and water from each other 
in the former than the latter condition ; for when the 
distances of the particles are increased 12 times, the 
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Spheres of caloric around each atom may he much larger, 
without increased elasticity of the calorific fluid. Dr 
Black was the discoverer of the admirable doctrine of 
latent heat* 

13. Dr Dalton has thus illus- 
trated the doctrine of latent heat, 
and of the increased capacity of a 
liquid for holding caloric, when 
it passes into the condition of va- 
pour. The liquid and its vapour "^ 
may be considered as two reser- 
voirs of caloric, capable of hold- 
ing different quantities of that 
fluid. Let figure 1. represent to 
us such an arrangement ; the in- 
ternal cylinder of smaller capa- 
city, the external one of enlarged 
capacity surrounding and ex- 
tending far above it, and a small 
open tube of glass, communicating freely at the bottom with 
the internal cylinder. Let us now conceive water to be 
poured into the internal cylinder, the water will manifestly 
flow into the slender tube till it stand on the same level in 
the tube as in the cylinder. If any additional quantity be now 
poured into the internal cylinder, the rise of water in the 
slender glass tube will serve as an index of the quantity 
of added fluid ; and when it is filled to the top, the fluid 
will stand at the height marked 212°, and will still be a 
correct index of the addition of fluid. But if more water 
be now added to it, it will not make its appearance in the 
slender tube, but will simply overflow from the internal 
cylinder over into that of enlarged capacity, so that, while 
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a large quantity is passing into the vessel and gradually 
filling it up to 212°, no additional rise takes place until 
the whole of the outer cylinder hecome filled to that 
point, after which any further addition will again hecome 
sensihle, by a corresponding rise in the tube. This pro- 
cess is in precise analogy to the succession of circumstances 
in heating a liquid, and converting it into steam. The 
internal cylinder represents the liquid, the external one 
the vapour of greater capacity, and the slender glass tube 
at the side the thermometer placed in communication with 
them. When heat flows into the liquid, it passes equally 
into the thermometer ; and each increment of the one 
produces an equal increment in the other, until the liquid 
reaches the limit of its capacity, when it suddenly begins 
to enlarge its bulk and take the form of steam ; but the 
quantity of heat required to fill up this enlarged capacity 
is so great, as to require about 5 J times as much to fill it 
as was contained in the whole liquid before, so that all this 
time the thermometer is standing still, and it is not imtil 
the whole of the steam is thus supplied with 21 2° of caloric, 
that the thermometer will begin to show any further ele- 
vation ; after which, any increment of heat thrown into 
the steam will make its appearance on the thermometer, 
and proceed as formerly, by simultaneous increments. 

14. It appears, therefore, that the cause why water 
boiling under the open air does not reach a higher tem- 
perature than 212°, is, that the steam which is raised by 
any additional heat, carries that additional quantity of 
heat along with it into the air. But here a question 
occurs at once to the enquirer into these phenomena, viz. 
Why does water require to be heated up to 212° before 
it will throw off its increments of heat and vapour into the 
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air ? Why does not ateam rise equally strongly from water 
at 200° or 180° ? The categorical reply is, that the elastic 
force of the heat is not sufficient to enable the steam to 
force its way against the pressm^ of the air until it reaches 
this point. In order to understand the means by which 
we aniTe at (Mb conclusion, it is necessary to know that, 
when the pressure of air on the surface of the water is 
artificially diminished, the steam does actually rise, and 
the water hubbies and boils with great Tiolenee, at tem- 
peratures far below 212°. It is only when the surface of 
the water is exposed to the full pressure of the air in a 
common vessel that it is prerented from rising in vapour, 
at temperatures lower than the usual boiling point. If 
the surface of the hot water be protected from the pressure 
of the air, by being placed under a glass shade, and the 
wr removed from the inside of it by an air-pump, the water 
may be made to 
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to make water boil at a giyen teniperature. In order to 
understand the way in whiel\ this table was formed, the 
reader must conceive a vessel of water first of all boiling 
at 212° in the open air> as the vessel A in figure 2, the 
thermometer I being placed in it. After allowing the 
water to cool to 200% let the vessel of water and the 
immerged thermometer be now placed on the plate stand 
P of an air-pump, and covered over with a strong glass 
receiver R ; and let a portion of the enclosed air be 
now withdrawn by the pump from the inside of the^ 
receiver by the pipe F ; and suppose that there are in all 
30 cubical inches, or other volumes, of air in the receiver 
at first; then the water being at 200*^, when about 7 
out of the 30 parts of the air have been withdrawn^ 
leaving only about 23 parts out of 30 pressing on the 
water, it will be observed instantly to commence giving 
ojGT steam in rapid ebullition. If next the process be 
repeated, cmly allowing the water to cool to 190% the 
ebullition will not commence in this lower temperature 
till about 12 out of the 30 volumes of air have been with- 
drawn ; and if, in a third experiment, the water be cooled 
down to 180®, the elastic force communicated by this de- 
gree of heat will not be capaUe of overcoming the resist- 
ance arising from the pressure of the air, until one-half of 
the original pressure of 30 has been removed. To this 
process there is no limit ;, for as we go on lowering the 
temperature, we can always find a point at which the water 
will boil, provided the counteracting pressure be suffi- 
ciently diminished. The following is Dr Dalton's tables 
containing the results of his experiments, as given in his 
Meteorologyy in 1793 1— 
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Hot or tha W>l«r when boiling 


QiiuUlT of Prauure at Air 




»m.i^ on tta. Fluid. 


212" 


30« 


300 


22-8 


190 


18-6 


180 


15-2 


no 


12-2 


160 


9-45 


150 


7-48 


140 


5-85 


130 


4-42 


120 


3-27 


110 


2-52 


100 


1-97 


90 


1-47 


80 


1-03 



15. In vacuo, therefore, or under a rarefied atmosphere, 
the boiling; point of water is lower than 212". Now, the 
barometer informs ua, that the pressure of our atmosphere 
is not conatantlj the same ; it has normal and abnormal 
variations; it has horarj, and menstrtial, and annual varia- 
tions. It frequently stands at 30 inches, sometimes at 31 
inches ; and, on the morning of the 7th of January 1 839, 
it was observed at Edinburgh, by Sir John Robison, to 
be as low as 27 inches and six tenth-parts. Now, on that 
moming, water would have been found to boil in the open 
air at about 208°, instead of 212" ; and for every depres- 
sion of the barometer, there is a corresponding depression 
of the boiling point. This variation of the boiling tem- 
perature with the variation of the barometer, and of the 
corresponding density of the air, is important : and the 
following short table shows the changes which take place 
within the limits of the usual variations of the weather : — 
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When the barometer stands at 31*8, water boils at 215^ 

31-2, 214 

30-6, 213 

30- inches, 212 

When the barometer falls to 29-4, 211 

28-8, 210 

28-2, 209 

27-7, 208 

And at 27*2, it would boil at 207 

But these extremes are probably greater than have ever 
been observed on the ordinary level of this coimtry. 

16. There is yet another variation of circumstance 
which affects the point of ebullition, and that is, distance 
from the centre of the earth and height above the level of 
the sea. It is well known, that, on the summit of a moun- 
tain, the pressure of the air is less than on a plain, and 
still less there than at the bottom of a pit or deep valley. 
It is now equally well known, that the cause of this is the 
very limited height to which air in a dense state covers 
the earth, the whole atmosphere being equivalent to not 
more than 5 miles in depth of such air as we breathe ; 
and it is hence obvious, that after a vertical ascent of a 
mile to the top of a mountain, there would be only about 
^ of the atmosphere remaining above the person on its 
summit. One of the highest of the Andes has been 
ascended to such a height, that there remained only ^ of 
the whole atmosphere above the observer. Now, in this 
case, the barometer, instead of being sustained at 30 
inches ; its usual height, had fallen to 13 inches, because, 
according to the constitution of the barometer, the height 
of the column of mercury in it is proportional to the quantity 
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of air resting tlboTe it.* Hence, a barometer being carried 
up a mountain by an observer, fullin g aa he ascends, enables 
himtoascertaiu the height of bis aacent. This be does nith 
perfect precision, so as to determine accurately the heightof 
any point of the mountain to which he has ascended, and 
where he lias noticed the faU of the barometer from the 
point where it stood when at the bottom, by means of an 
allowance of nearly 100 feet of height for every tenth part 
of an inch that the barometer has fallen, as explained more 
fully under the heads Baroueti:r and Atmospiieke. 

The ateani of water may be rendered the means of de- 
termining the height of a mountain, on the principle of 
diminished atmosplieric pressure, so as to act as a substi- 
tute for the barometer. We have just seen that water 
gives off steam by ebullition, above or below the tempera- 
ture 212°, according as the pressure of the atmosphere is 
greater or less than the standard pressure which sustains 
the barometer at 30 inches. And we have already given 
a table, (Arts. 14 and 15,) showing how much the boiling 
point was raised or depressed by diminishing the pressure 
of the atmosphere. On consulting Dr Dalton's table, we 
see tliat, when ^g of the air were removed, water boiled 
at so low a temperature as 180°. This, therefore, would 
show that, if water boiled on the top of any mountain at 
180°, the barometer would stand thereat a height of little 
more than 15 inches s and if at the bottom of the moun- 
tain water boiled at 212°, showing the barometer to be 
then at 30 inches, a similar allowance of height being 
made, viz. about 1000 feet for each inch, or 15,000 feet, 
would be a rude approiimation to the true height. The 
table at the end of the third section, and the rules under the 

• See Articles Baroueteb, PNEnMiiica, and Aiuobphebe, 
in the Encyclopadia Britannica. 
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head Babometeb in the Encyclopaedia Britannica will 
enable any one who studies this subject to form rules for 
closer approximation ; but the following table will be of 
use to those who may merely wish to put it in practice. 

Rule for finding heights hy boiling water, — Boil pure 
water in an open yessel at the bottom of the elevation, 
and observe on the thermometer the point at which it 
boils. Boil it again at the top of the mountain, and ob« 
serve with the thermometer the point at which it now 
boils: the difference of temperature, multiplied by 530 
feet, will give a close approximation to the height of the 
upper above the lower station. 

This will give an approximation ; but, if greater ac- 
curacy be required, it will further be necessary to correct 
for the difference of the temperature of the air at the two 
stations, in the following manner. Add the temperatures 
of the air at the stations, and subtract 64 from their sum, 
multiply the remainder by one thousandth part of the 
height found ; and this will be the correction to be added 
to the height formerly found. The result thus found will 
still require a slight correction for the figure of the earth 
and latitude of the place ; but this does not amount to 
more in our latitude than an addition of about two feet in a 
thousand, which forms a second correction. This method 
is, however, to be regarded only as an approximation, 
^for which all the corrections given under the head Babo- 
METEB would be necessary, in order to render it equally 
perfect with observations by that instnmient. In short, 
iMs method may be considered as a telltale on the baro- 
meter, showing where the barometer would stand if placed 
in its position. Thus, if water boil at 200** on the top of a 
mountain, that is merely to be considered as indicating 
that the barometer, if placed there, would stand at 22*8; 
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a&ec which, the proceis of deducing the height remaiiu 
the aame. To illustrate the mode of deducing heights 
from the boiling' point, as we have given it, we take the 
following example. 

Water boils on the top rf Ben Nevis at 203-8'', whil« 
at the Bide of the Caledonian Canal it boile at 212°, the 
temperature beii^ 30° on the summit of the mountain, and 
35° below. In order to determine the height. 

From 212° 

Take 203-8'' To 30° 

Add 35' 

There remains 8'2' 

Multiply by 530 Sum 65° 

Subt. 64° 

246-0 

410 Remain r molt, bf 4-346 

4346 first approz. Latitude 56° nearly 
4 first correct. Mult. 4-350 

by 2- 

4350 second approx. ■ 

8-7 second correct. 8-700 

Calc. height, 4358-7 third approximation. 
4358- true measured height — the difference being less 
than I hot. 

'_ This method, however, is seldom susceptible of so high 
a d^^ree of accuracy, even with the most carefully con- 
ducted experiments. 

17. This method of determining heights by the ebolli- 
tioa of water is not a recent invention. It was suggested 
ori^naily by Mr Fahrenheit, in the 33d volume of the 
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Philosophical Transactions^ in a paper entitled ^^BarO' 
metri Novi Description The subject was further matured 
by Cavallo, who has written concerning it in the 7 1st 
volume of the same Transactions ; and the method has 
finally received from the Rev. F. J. H. Wollaston the 
highest degree of perfection of which it seems to be 
capable. His paper, read before the Royal Society on 
the 6th of March, 1817? and afterwards published in the 
Philosophical Transactions of that year, gives an accovmt 
of the very beautiful and ingenious apparatus which he 
has contrived for facilitating the procedure of taking the 
observations with the requisite precision. Fig 4 is a 
view of the whole apparatus, consisting principally of a 
tripod stand, surrounded by a sort of tent cover, which is 
quite essential for the protection of the lamp from the 
strong winds generally encovmtered at considerable alti- 
tudes. The lamp acts on a small tin vessel, which is a 
cylinder 5 J inches deep and 1^ in diameter, the sides 
of which are double, leaving an interstitial space of confined 
air to prevent cooling. Above this vessel is a circular 
plate of metal G H K, to which the thermometer is to be 
fixed ; and the scale and neck of the thermometer are seen 
projecting above the stand. A (fig. 3) represents the 
thermometer made use of, which it is desirable to have 
of as strong and as compact a construction as possible, 
while, at the same time, its degrees should range as ex- 
tensively as possible. These desiderata are attained in his 
construction. The bulb A, one inch in diameter, is blown 
. thick and strong, on the end of a tube about ^ of an inch 
in diameter : close above the bulb, is a cavity B, swelled 
out to such a size as to contain whatever mercury will 
expand out of the bulb, between 32** and the lowest tern- 
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peniture at wHcb the mercury is likely to boil at such 
altitudes as it will be used to measure. It ia this which 
renders the instrument compact ; because, if it be not 
taken out of the British islands, it will nerer, in all pro- 

Pig. 4. 




babilitj, boil at less than 200' ; and thus the whole length 
of the stalk is left for a range of 12° or IS' of the ther- 
mometer. In the instrument figured, the scale R ia 5 
inches long, -^ of an inch wide, and a length of 4- 1 5 inches 
is divided into 100 parts, which hy a vernier reads off to 
1000 parts, being 241 parts to an inch ; so that 1" Fahr. 
corresponds to 233 parts on the scale, or to j 30 feet. 
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Each part of the scale, as read by the vernier, will there- 
fore correspond to 2*275 feet, being about half the degree 
of minuteness of the mountain barometer divided into 
thousandths, each of which is nearly equivalent to one 
foot of height. The accuracy, however, of this scale is 
probably greater than the degree of accuracy of which 
the method of observation is itself capable. 

Whether an observer have or have not the means of 
obtaining such an instrument as this, it will be, in many 
cases, useful to travellers to be provided with means, more 
or less accurate, of making observations of this nature, on 
the summit of such mountains as they may have the oppor- 
tunity of visiting. For this purpose, the most convenient 
is a small cooking apparatus, such as will supply the wants 
of a traveller ; consisting of a round tin stand, protecting 
a lamp, in which a small quantity of the traveller's supply 
of spirituous liquid may be burnt, so as to boil some of the 
water of a small bottle, which he has also carried with 
him, or perhaps a little melted snow. An imibrella or 
waterproof cloak will screen the whole from the wind 5 
and a thermometer should have been procured, with a 
stem as minutely divided as possible, and should be insert- 
ed, by means of a small cork, in an aperture of the lid left 
on purpose. The quantity of the water may be small, and 
it will serve a culinary purpose immediately after the oper- 
ation is completed. The thermometer should be inserted 
only among the steam. The traveller must fake great 
precautions for striking a light, as he will find this much 
more troublesome in the cold rarefied air of a mountain 
simunit than below. 

18. Distillation is a method of separating a liquid from 
extraneous matter, by first of all converting it into steam, 
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and then condensing that steam so aa to form the liqtiid. 
Different substances take the liquid form at various tem- 
peratures ; and, therefore, the heat maj be bo regulated 
that only one substance of a mixture shall take the form 
of vapour, and being conveyed by a pipe through a Tessel 
of cold water, or otherwise exposed to the cooling process, 
the vapour being condensed will give the pure liquid. A 
great improvement upon the process of separating liquids 
has been succeaafuliy introduced by Mr Howard. It 
consists of distillation or evaporation in vacuo, and has 
been most use&lly employed in the refining process of 
sugar. When sugar is dissolved in water, it requires a 
much higher temperature than 212° to boil the mixture, 
or to convert the water into steam and separate it from 
the solid ; and as the process goes on, and the solution 
comes to hold less and less water, the requisite degree of 
heat is fiirther augmented, until the temperature be- 
comes so high as to injure the colour and otherwise 
deteriorate the article of merchandise in its crystallized 
state. Instead of this increased temperature, Mr Howard 
places the syrup in vaciio, and thus boils it at a low and 
innouous heat. This he accomplishes by pumping out 
the air and vaporized water from the close boiler, by means 
of a large air-pump driven by machinery. The process 
has produced a great improvement on this article of com- 
merce, and has remunerated its inventor with an ample 
fortune. 

Distillation in vacuo is peculiarly adapted to obt^ning 
those delicate extracts and essential oils from vegetable 
substances, which are apt to suffer deterioration from tho 
usual high temperatures. 
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19** The pulse glass, an 
inYention attributed to Dr 
Franklin, is an apparatus 
illustrating beaudfully the 
process of ebullition in vacuo 
at low temperatures. If two glass balls, A and B (fig. 5) 
be connected by a slender tube, and one of them, A, be 
filled with water, a small opening or pipe b being 
left at the top of the other, and this be made to boil, the 
vapour produced by it will drive all the air out of the 
other, and will at last come out itself, producing steam 
at the mouth of the pipe. When the ball B is observed 
to be occupied by transparent vapour, we may conclude 
that the air is completely expelled. Now, shut the pipe 
by sticking it into a piece of tallow or wax, the vapour in 
B will soon condense, and there will be a vacuum. The 
flame of a lamp and blow-pipe being directed to the little 
pipe &, will immediately cause it to close and seal her- 
metically. We have now a pulse glass. Grasp the ball 
A in the hollow of the hand ; the heat of the hand will 
immediately expand the bubble of vapour which may be 
in it, and this vapour will drive the water into B, and then 
will blow up through it for a long while, keeping it in a 
state of violent ebullition, as long as there remains a drop 
or film of water in A. But care must be taken that B is 
all the while kept cold, that it may condense the vapour 
as fast as it rises through the water. Touching B with 
the hand, or breathing warm on it, will immediately stop 
the ebullition. When the water in A has thus been dis- 
sipated, grasp B in the hand ; the water will be driven 
into A, and the ebullition will take place there as it did in 
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B. Putting one of the balls into the mouth will make 
the ebullition more violent in the other, and the one io 
the mouth will feel very cold. This is a pretty illustra- 
tion of the rapid absorption of the heat by the particles 
of water which are thus converted into elastic vapour. 
We haye seen this little toy suspended by the middle of 
the tube like a balance, and thus placed in the inside 
of a window, having two holes, a, b, cut in the pane, in 
such a sitaation, that, when A is fall of water and prepon- 
derates, B is opposite to the hole b. Whenever the room 
became sufGciently warm, the vs^ur was formed in A and 
immediately brought the water into B, which was kept 
cool by the lur coming into the room through the hole b. 
By this means B was made to preponderate in its turn, 
and A was then opposite to the hole a, and the process wa* 
now repeated in the opposite direction. This amusement 
continued as long as the room vras warm enough. Instead 
of water, alcohol or ether may be substitned, and will act 
more readily. 

Fig. 6 



20. The follow- 
ing experiment, 
where ebullition 
b produced by 
the application of 
cold, is instruc- 
tive. A Florence 
flask F, is about ^ 
^dl of water, and 
is placed over a 
lamp F until the 
water boils ; and 
when the steam 
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has been rising for a short time violently from the neck of 
the vessel, the cork S is to be applied as a stopper, and 
must fit with g^eat accuracy. The flask thus closed is to 
be set aside for a few minutes till it have cooled consider- 
ably, and is then to be suddenly placed on a stand in the 
cold water W, contained in the glass reservoir R. The 
ebullition in the flask will recommence with a degree of 
violence proportioned to the coldness of the water W. 

The theory of this action is simple. When the flask is 
plimged in the cold water, | of its contents are steam: 
the chill water condenses it into water, it shrinks up into 
1-1 728th part of its bulk, and would leave 1727 parts out 
of 1728 vacuous ; but the warm water being now in vacuo, 
throws up in rapid ebullition (according to Art. 14) co- 
pious volumes of vapour of its own temperature, which is 
again, by coming into contact with the sides of the vessel, 
and by diriectly giving oflF its heat to the water, chilled into 
water, and so in succession all the vapour thus sent up is 
in turn reconverted into water, and the vacuum sustained, 
until at last, the equilibrium between the temperature of 
the water, within and around the flask, having been esta- 
blished, the interchange of caloric ceases ; and even now, 
if the flask were plimged into freezing water, the ebulli- 
tion would recommence as violently as before. 

21. We have already noticed (Art. 11) the fact, that, 
when water is confined in a close vessel, and heat is ap- 
plied to it, the water will not boil even at a temperature 
of 212°. If heat be continually thrown into the water in 
this state, the particles will acquire a very high tempera- 
ture ; and, at the same time, the tendency of the enclosed 
fluid to burst the vessel will become very great. The 
following experiment upon this subject is one of the most 
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iateresting^ and the earlieat of wUch we are in potseuion. 
It was published in 1663 by the MarquiB of Worcester, 
and we give it in his own words. " I have taken a piece 
of a whole cannon, whereof the end was burst, and filled 
it three quarters full, stopping and screwing up the 
broken end, as also the touch-hole, and making a constant 
fire under it ; within twentj-four hours it burst, and made 
a great crack." 

It is in virtue of the great elastic force by which water, 
when heated, tends to expand into 1728 times its bulk, in 
the form of steam, that this element has become a mecha- 
' lucal mover, subject to the control of man. There are 
two great principles upon which such machines are con- 
structed ; the one commonly called high-pressure steam- 
engines, and the other low'pressure steam-engines. 

In a high-pressure steam-engine, the principal source 
of motion is the elastic force of steam, formed by- water, 
msed to a high temperature in confined vessels, and 
tending to escape from them with sueb force, as to im- 
part motion and movement to solids or fluids, ingeniously 
arranged to receive from it velocity or direction required 
for the accomplishment of some end. 

In a low-pressnre steam-en^ne, the principal source of 
power is derived from using steam merely for the purpose 
of forming a vacuum. For this purpose steam is admir- 
idtly calculated. It is only necessary to allow the steam 
of a liquid to enter any vessel filled with air ; and if there 
be left an aperture of escape, the steam, entering in abun- 
dance, will push the air out before it. When the air has 
whoUy escaped, it only remains necessary to close all the 
openings of the vessel, and allow it gradually to cool down, 
"hen the steam will be condensed, will shrivel up in the 
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form of water into the 1728th part of its bulk, leaving the 
other 1727 parts vacuous. The mechanical force of a 
vacuum on the earth's surface is well known : it will raise 
water to a height of more than 30 feet, and support 15 
lbs. on every square inch of surface exposed to it. What- 
ever, therefore, the formation of a vacuum on the earth's 
surface can effect, of that is the force of steam capable at 
low pressure, scarcely exceeding the temperatxire of 212°' 
Hence the low-pressure engine is sometimes called the 
condensing engine, because it acts principally by conden- 
sation of steam to form a vacuum. The high pressure of 
steam, and its vacuum-forming power, are frequently used 
in combination. 

22. There are other properties of steam, besides its 
mechanical force, that render its use of great practical 
value. Its great capacity for heat enables it to take up, 
at one time, and in one place, a large quantity of heat 
which it may be employed as a vehicle to transfer, at a 
subsequent period and at a distant point, to some other 
substance. It "is thus rendered an economizer, distribu- 
ter, and reservoir of heat derived from the combustion of 
fuel. In this view it has great value as an agent in dis- 
tributing the heat used for warming buildings, heating 
baths, evaporating solutions, distilling, brewing, drying, 
dyeing, and even for domestic cookery, and the means of 
extracting wholesome and nutritious food from most un- 
promising and unpalatable materials. 

In order, however, to its successful application as a 
mechanical power, and its profitable use in each of the 
various functions which it is capable of performing, it is 
necessary to study its various phenomena in greater de- 
tail ; to obtain an intimate acquaintance with its proper- 



ties; to determine its lavs in the T&rioiis j^tions of 
space, time, and quantity ; how much heat it requires, 
what fiiel it consumes, what force it eserts, how fast it 
will move, how it will condense, expand, and contract, and 
what relation it bears to the different fluids &om which it 
may be derived. Each of these enquiries, and the man- 
ner in which each of these objects maj bo most satisGac- 
torily attuned, is tiie subject of one or other of the 
following sections of this article. 

Sect. IL — ezfebimentai. beseabches cokcekninq 

THE EUlSIIC FOKCE OF STEAM AT DIFFEKEKT TEMPEK- 
ATUBES. 

23. The earliest researches we have met with into the 
phenomena of steam, undertaken with the philosophical 
purpose of obtaining experimental dat« for the scientific 
iuTestigation of its properties and relations, are to he met 
with in a scarce work, printed at Basle in l769i and entitled, 
" Specimen ph^iico-chemicum da Digettore Papini ; Pri- 
tnitias experimgntorum novorum circa Jluidorum a co- 
lore rar^aetioaem et vapoream elasticitatera exhibem, ^c- 
Auctor* Jo. Henrico Ziegler" His experimental boiler 
consisted of a copper vessel (fig. 7) A A, silvered internally, 
and belted eztemallj with massive iron hoops BB. A strong 
framework of iron, attached to the upper hoop, gives sup- 
port to the circular cover B, (fig. 8,) in which there are an 
opening P for admitting water, another D into which an 
elaterometer is inserted, consisting of a. bottle G contain- 
ing mercur]', and a glass tube c c cased in iron, open at 
both ends, and immersed in the mercury at the bottom ; the 
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tbird or central aperture E being occupied faj b copper tube 
EF, closed below, aud coDtaining oU or other viscid liquid, 
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to act aB a batb for the bulb of the thermometer F aud i< 
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protector from the pressure of the Tapour. The method 
of agin^ this apparatus was as 
follows. The digester being 
partly filled with water, closed 
and placed on the fire, the 
generatioD of the steam would 
r^e the oil or mercury in the 
bath £ to the temperature 
of the water and steam with- 
in, so as to give to the thermo- 
meter F an indicatioD of the 
temperature ; and, at the same 
time, the elastic force of the 
steam flowmg or moving by 
would raise it in C to a < 
tain number of inches, so 
to cause the corresponding' 
pressure. This apparatus is 
both appropriate and ingeni- 
ous, and indicates consider- 
able mechanical knowledge 
in its inventor, a physician of 
Wintrethour in Switzerland. Unhappily he lived too re- 
mote &om the scene of the philosophical discoveries of 
that period, to adopt the precautions necessary to give 
value to his eipenments. He allowed atmospheric air to 
mingle with the steam to such an extent as greatly to 
vitiate his results. 

24. M> Betancourt visited England about the end of 
last century ; and having been employed to select ma- 
chines, models, and drawings for the Spanish government, 
made himself acqutunted with the use of steam in Great 




Britain at that period. On hia return, he immediately 
undertook a series of expe- 
riments on the force of the Fig. 9- 
vapour of water, alcohol, and 
other liquids, 
temperatures. Hia appara- 
tus is tolerably perfect ; and 
the precautions which he a- 
dopted for the remoTal of at- 
mospheric air from intermix- 
ture with the vapour, g 
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have been one of the firat pUlosophers who examined the 
production of steam at temperatures beloir the ordinary 
point of ebullition, under the pressure of the atmosphere. 
His experiments extend from 32° up to 279°> being 67" 
above the ordinary boiling point. 

His apparatus (fig. 9) consisted of a spheroidal copper 
boiler A, about eight inches in diameter, fifteen inches 
high, and a tenth of an inch in thickaess ; a flat cover was 
soldered on the top of it, end three apertures were formed 
into which were inserted a thermometer EC, a glass tube 
D, and a plug B, for admitting water. The glass tube 
being bent downwards at F, was recurred upwards at G, 
leaving an upright stem, ten feet high, and hermeticallj 
sealed at the top, so as to leave a perfect vacuum in that 
end of the tube, over a column of mercury of about 30 
inches in the two branches of the recurvation at the bottom. 
The boiler was provided with a stop-cock b, by which the 
air was extracted from the boiler previous to experiment, by 
means of an air-pump TV, communicating with W ; and 
when this was accomplished so as to obtain a vacuum on 
both ends of the mercurial column, the mercury stood, as 
in the figure, on nearly the same level, in both its branches. 
The fire was instantly applied, and the crackling noise 
which followed inf<Hrmed him that the ebullition had com- 
menced, and the steam in ihe boiler pressii^ on that end 
of the mercurial column nearest to it, raised the other in 
the vacumn a certain quantity above its outer level, indi- 
cating its elastic force, which gradually increased until it 
became at the usual heat of boiling water, equal to twenty- 
eight French inches, the mean pressure of the atmosphere. 
The following table will enable us to estimate the value 
of these experiments ; it is given in degrees of Reaumur's 
thermometer, of which 0° coincides with 32° of omf com- 
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mon scale, and 80® with our boiling point 212° Fahren- 
heit, each degree of Reaumur being equal to 2^ of*' our 
scale. The pressure is in French inches of mercury : — 



Degrees of 
Fahrenheit. 


Reaiunur's Scale. 


First Series of 
Observations. 


Second Series of 
Observations. 


320 


0° 


Inches of Mercury. 

0-0 


Inches of Mercury. 

0-0 


43-25 


5 


0-05 


0-02 


54-50 


10 


0-17 


0-15 


65-75 


15 


035 


0-35 


77-00 


20 


0-62 


0-65 


88-25 


25 


1-00 


1-05 


99-50 


30 


1-50 "^ 


1-52 


110-75 


35 


2-12 


2-15 


122-00 


40 


2-90 


2-92 


133-25 


45 


4-00 


3-95 


144-50 


50 


5-50 


5-35 


155-75 


55 


7-55 


7-32 


167-00 


60 


10-10 


9-95 


178-25 


65 


13-25 


13-20 


189-50 


70 


17-50 


16-90 


200-75 


75 


22-35 


21-75 


212-00 


80 


28-60 


28-00 


223-25 


85 


37-00 


36-45 


234-50 


90 


47-20 


46-40 


245-75 


95 


58-20 


57-80 


257-00 


100 


72-40 


71-80 


268-25 


105 


84-90 


86-80 


279-50 


110 


98-00 


98-00 



The slight deviation of these experiments from each 
other indicates considerable accuracy of experiment ; and 
the slight excess in the former of the two series, is attri- 
buted to the formation of a less perfect vacuum at the 
commencement of the observations, arising from the 
smaller quantity of water in the boiler when the experi- 
ments were made. 

It should, however, be noticed, that there is one omis- 
sion of some importance in the experiments of M. Betan-. 



Fig. 10. 
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court. He inserts the bare bulb of his thermometer inta 
the reservoir amon^ the water, so aa to suffer all the 
variations imposed on it by the varying elasticity of tlie 
steam. By following the method adopted b; his prede- 
cessor, M. Ziegler, of inserting a metallic tube to sustain 
the pressure of the steam, and forming it into a mercurial 
bath for containing the thermometer, and so transmitting 
the heat of the steam to it without exposure to variable 
pressure, a source of considerable error might have been 
avoided. This precaution is essential to a good set of 
experiments on steam ; for a very slight pressure, even of 
the finger, on the bulb of a thermometer, will raise it 
several degrees. 

26. Of British pHloso- 
phers, Dr Robison was 
one of the first to make 
accurate and systematic ' 
experiments on the phe- 
nomena of the tempera- 
ture and elastic force of 
steam. They appear to 
have been made in 1778. 

His apparatus is represented in the accompanying 
figure. 

• ABCD (fig. 10) is the section of a small 
digester made of copper. Its lid, which was fas- 
tened to the body with screws, was pierced with 
three holes, each of which had a small pipe soldered 
into it. The first hole was furnished with a brass 
safety-valve V, nicely fitted to it by grinding. 
The area of this valve was exactly ^th of an inch- 
There rested on the stalk at the top of this valve 
the arm of a steelyard carrying a sliding weight. This 
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arm had a scale of equal parts, so adjusted to the weighty 
that the number on the scale corresponded to the inches of 
mercury, whose pressure on the under surface of the valve 
is equal to that of the steelyard on its top ; so that when 
the weight was at the division 10, the pressure of the 
steelyard on the valve was just equal to that of a column 
of mercury 10 inches high, and ^th of an inch base. 
The middle hole contained a thermometer T firmly 
fixed into it, so that no vapour could escape by its sides. 
The ball of this thermometer was but a little way below 
the lid. The third hole received occasionally the end of 
a glass pipe SGF, whose descending leg was about 36 
inches long. When this syphon was not used, the hole 
was properly shut with a plug. 

* The vessel was half filled with distilled water, which 
had been purged of air by boiling. The lid was then fixed 
on, having the third hole S plugged up. A lamp being 
placed under the vessel, the water boiled, and the steam 
issued copiously by the safety-valve. The thermometer 
stood at 213^, and a barometer in the room at 29*9 inches. 
The weight was then put on the fifth division. The ther- 
mometer immediately began to rise ; and when it was at 
220, the steam issued by the sides of the valve. The 
weight was removed to the 10th division ; but, before the 
thermometer could be distinctly observed, the steam was 
issuing at the valve. The lamp was removed further from 
the bottom of the vessel, that the progress of heating 
might be more moderate ; and when the steam ceased to 
issue from the valve, the thermometer was at 227. The 
weight was now shifted to 15 ; and, by gradually ap- 
proaching the lamp, the steam again issued, and the ther- 
mometer was at 232^. This mode of trial was continued 
all the way to the 75th division of the scale. The expe- 
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rlments were then repeated in the contrary order ; that 
is, the wei^t heing suspended at the 75th diTisioD, and 
the steam hsmng strongly at the valve, the lamp was 
withdrawn, and the moment 
the Bteam ceasedto come out, 
the thermometer was ohser- 
Ted. The same waa done at 
the 70th, 65th division, &c. 
These experiments were sev- 
eral times repeated hoth 
ways ; and the means of aH 
the results for eact division 
are expressed in the subjoin- 
ed table, where column 1st 
expresses the elasticity of the 
steam, being the sum of 29.9 ; 
and tbe division of the steelyard, column 2d, expresses 
the temperature of the steam corresponding to this elasti- 
city, 

* A verydifferent process was necessary for ascertaining 
die elasticity of the steam in lower temperatures, and 
consequently under smaller pressures than that of the 
atmosphere. The glass syphon SGF was now fixed into 
its hole in the lid of the digester. The water was made 
to boil smartly for some time, and the steam issued co- 
piously both at the valve and at the syphon. The lower 
end of the syphon was now immersed into a broad saucer 
of mercury, and the lamp instantly removed, and every 
thing was allowed to grow cold. By this the steam was 
gradually condensed, and tbe mercury rose in tbe syphon, 
without sensibly sinhing in the saucer. The valve and all 
tile joints were smeared with a thick clammy cement. 



BluddtT. 




35 inches. 


209" 


40 


226 


45 


232 


50 


237 


55 


242 


60 


247 


65 


251 


70 


255 


75 


259 


80 


263 


85 


267 


90 
95 


g^ 


100 


278 


105 


281 
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composed of oil, tallow, and rosin, which effectually pre- 
vented all ingress of air. The weather was clear and 
frosty, and the barometer standing at 29*84, and the ther- 
mometer in the ressel at 42*^. The mercury in the 
syphon stood at 29.7, or somewhat higher, thus showing 
a very complete condensation. The whole vessel was 
surrounded with pounded ice, of the temperature 32**. 
This made no sensible change in the height of the mer- 
cury. A mark was now made at the surfiELce of the mer- 
cury. One observer was stationed at the thermometer, 
with instructions to call out as the thermometer reached 
the divisions 42, 47, 52, 57, and so on by every five de- 
grees till it should attain the boiling heat. Another 
observer noted the corresponding descents of the mercury 
by a scale of inches, which had its beginning placed at 
29.84 from the surface of the mercury in the saucer. 

* The poimded ice was now removed, and the lamp placed 
at a considerable distance below the vessel, so as to warm 
its contents very slowly. These observations being very 
easily made, were several times repeated, and their mean 
results are set down in the following* table : only ob- 



Temperature. 


Elasticity. 


Temperature. 


Elasticity. 


32° 


0.0 


130° 


3.95 


40 


0.1 


140 


5.15 


50 


0.2 


150 


6.72 


60 


0.35 


160 


8.65 


70 


0.55 


170 


11.05 


80 


0.82 


180 


14.05 


90 


1.18 


190 


17.85 


100 


1.61 


200 


22.62 


110 


2.25 


210 


28.65 


120 


3.00 







serve, that it was found difficult to note down the descents 
for every fifth degree, because they succeeded each other 
so fast. Every 10th was judged sufficient for establish- 






ELASTIC FOBCB. 43 

isg the law of varutian. The first column of the Uble 
Gontiuiu tlie temperatnre, and the second the descent (in 
inches) of the mercurj from the mark 29.64. 

Four or five nmnbers at tite top of the column of elas- 
ticities, are not so accurate as the others, because the 
mercury passed pretty quickly through these points. But 
the progress was extremely reg:ular through the remain- 
ing points ; so that the elasticities corresponding to tern, 
peratures above 70° may be considered as rery accurately 
ascertained. 

* Not being altogether satisfied with the method em- 
ployed for measuring the elasticity in temperatures above 
that of boiling tvater, a better form of experiment was 
adopted. Indeed it was the want of other apparatus 
which made it necessary to employ the former. A g^ass 
tube was procured of the form represented in Fig. Jl, 
having a little cistern L, from the top and bottom of 
which proceeded the syphons K and MN. The cistern 
contained mercury, and the tube MN was of a slender 
bore, and waa ahout six feet two inches long. The 
end K waa firmly fixed in the third hole of the lid, 
and the long leg of the syphon was funuBhed with 
a scale of inches, and firmly fastened to an upright 



post. 

The lamp was now ap- 
plied at such a ^stance 
from the vessel as to warm 
it slowly, and make the 
water boil, the steam esca- 
{ong for some time through 
the safety-valve. A heavy 
weight was then suspended 
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the Bteelyard ; such a 
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was known that the vessel would support, and, at the same 
time, such as would not allow the steam to force the mer- 
cury out of the long tube. The thermometer began im- 
mediately to rise, as also the mercury in the tube MN. 
Their correspondent stations are marked in the following 
table. 

Temperature^ Elasticity. 

212° 0.0 

220 5.9 

230 14.6 

240 25.0 

250 36.9 

260 50.4 

270 64.2 

280 76.0 

This form of the experiment is much more susceptible 
of accuracy than the other, and the measures of elasticity 
are more to be depended on. In repeating the experi- 
ment, they were found much more constant ; whereas, in 
the former method, differences occurred of two inches and 
upwards. 

* We may now connect the two sets of experiments into 



Temperature. 


Elasticity. 


Temperature. 


Elasticity. 


32° 


0.0 


160° 


8.65 


40 


0.1 


170 


11.05 


50 


0.2 


180 


14.05 


60 


0.35 


190 


17.85 


70 


0.55 


200 


22.62 


80 


0.82 


210 


28.65 


90 


1.18 


220 


35.8 


100 


1.6 


230 


44.5 


110 


2.25 


240 


54.9 


120 


3.0 


250 


66.8 


130 


3.95 


260 


80.3 


140 


5.15 


270 


94.1 


150 


6.72 


280 


105.9 



one table, by adding to the numbers in his last table the 
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constant height 29-9, which waa the height of the mer- 
cury in the barometer during the last set of ohserva- 

26> In the mean time, howerer, Mr Watt hod been 
led, in the course of his inrention of the Bteam-engine, to 
make experiments on the elastic force of steam, of which 
he has given the following account, and which was an- 
uezed hj himself to Dr Rohison's original article in the 
Encjclopsdia Britannica. 

I In the winter of 1764-5, 1 made experiments at Glas- 
gow on the subject, in the course of my endeavours to 
improve the steam-engine, and as I did not then tlunk of 
any simple method of trying the elasdcities of steam at 
temperatures less than that of boiling water, and had at 
hand a digester by which the elasticities at greater heats 
could he tried, I considered that, by establishing the ratios 
in which they proceeded, the elasticities at lower heats 
might be found nearly enough for my purpose. I there- 
fore fitted a thermometer to the digester, with its bulb in 
the inside, placed a small cistern with mercury also within 
the digester, fixed a small barometer tube with its end 
in the mercury, and left the upper end open. I then 
made the digester boil for some time, the steam issuing 
at the safety-valve, until the air contained in the digester 
was supposed to he expelled. The safety-valve being 
shut, the steam acted upon the surface of the mercury in 
the cistern, and made it rise in the tube. When itreached 
to 15 Inches above the surface of the mercury in the cis- 
tern, the beat was 236° ; and at 30 inches above that 
surface, the heat was 252°. Here I was obliged to stop, 
as I had no tube longer than 34 inches, and there was no 
white glass made nearer than Newcastle-upon-Tyne. I 
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Fig. 12. 




therefore sealed the upper end of the tube hermetically 
whilst it was empty, and when it was cool immersed the 
lower end in the mercury, which now 
could only rise in the tube by compres-> 
sing the air it contained. The tube was 
somewhat conical ; but, by ascertaining 
how much it was so, and making allow- 
ances accordingly, the following points 
were found, which, though not exact, were 
tolerably near for an apergu. At 29^ 
inches (with the sealed tube) the heat 
was 252^, at 75^ inches the heat was 
264^, and at 110^ inches 292^ (That 
is, after making allowances for the pillar 
of mercury supported, and the pillar 
which would be necessary to compress 
the air into the space which it occupied, 
these were the results.) From these ele- 
ments I laid down a curve, in which 
the abscissae represented the tempera- 
tures, and the ordinates the pressures, 
and thereby found the law by which 
they were governed, sufficiently near 
for my then purpose. It was not till 
the years 1773-4, that I found leisure 
to make further experiments on this sub- 
ject, of which, though I do not consider 
the results as accurate, I shall give an account here, as 
they were in point of date prior to any others that I was 
then acquainted with. 

f A tin pan, of about five inches in diameter and four 
inches deep, had a hole made in its bottom, near one side, 
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and in Hue hole yra» soldered a socket somewhat corneal, 
which nearly fitted a barometer tube with which the experi- 
ments were to be made. This tube was about 36 inchea 
long, and had a ball at one end about 1^ inches diameter, 
the contents of which were nearly equal to thoae of the 
stem of the tube ; Bome paper was lapped round the tube 
near the ball, and it was forced tight into the conic^ 
socket of the pan, so that the hall was within the latter, 
at such a height that it might be immersed in water. The 
tube and pan wei-e then ioTerted, and the ball was filled 
with clean mercury, and the stem with distilled water 
fresh boiled. The tube was re-inverted, so that the 
ball and pan were uppermost ; the lower end of the 
tube being shut by the finger, the water ascended into 
the ball, and the mercury occupied the tube. The 
lower end of the latter being then placed in a cistern of 
mercury, and released from the finger, the mercury and 
water descended, and the ball was left partly empty : being 
agitated in this position, and let stand some time, much air 
was extricated from the water ; the tube was inclined aa 
much as it could be, and again iuTerted, the air let out, 
and its place supplied with boiling water. It was again 
placed with the ball uppermost, the end of the tube stop- 
ped, the pan filled with hot water, which was made to 
boil by means of a lamp ; the lower end of the ball being 
placed in the cistern, and released from the finger, the 
mercury descended into the cisten), but upon the water 
in the pan being suffered to cool, partly rose again into 
the tube. Much air was thus liberated, tmd more was 
got rid of by agitation, in the manner of the water- 
hammer, and by leaving it standing for some time erect, 
until at last I got it so firee from air, that when I nused it 
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upright, it supported a column of mercury 34 inches high ; 
and no vacuimi was formed until it was violently shaken, 
when it fell down suddenly and settled at 28.75 inches, 
but upon being inclined, a speck of air always remained, 
though, when it was expanded by a piUar of mercury 27 
inches high, this speck was not larger than a pin's 
head. 

f In this state, when the tube was perpendicular, I 
found the mercury to stand at 28.75 inches, the column 
of water above it was about 6^ inches, =: half an inch of 
mercury. The whole then being 29.25 inches, when the 
stationary barometer stood at 29.4, the difference, or 
pillar supported by the elasticity of the steam = 0.15 
inch. The water in the pan was then heated exceedingly 
slowly by a lamp, and stirred continually by a feather to 
make the heat as equal as possible. The results are 
shown in the following table : — 

Table, No. I. 



Heats. 


Elastici- 
ties. 


Heats. 


Elastici- 
ties. 


Heats. 


Elastici- 
ties. 


Heats. 


Elastici- 
ties. 


Inches. 


Inches. 




Inches. 




Inches. 


55° 


0.15 


135° 


4.53 


167° 


11.07 


187° 


17.51 


74 


0.65 


142 


5.46 


172 


11.95 


189 


18.45 


81 


0.80 


148 


6.40 


Its 


12.88 


191 


19.38 


95 


1.30 


153 


7.325 


177.5 


13.81 


193.5 


20.34 


104 


1.75 


157 


8.25 


180 


14.73 


196.5 


21.26 


118 


2.68 


161 


9.18 


182.5 


15.66 






128 


3.60 


164 


10.10 


185 


16.58 







At this time (1774) I tried a set of experiments in 
the same manner on a saturated solution of common salt. 
When this solution was perfectly saturated by boiling, 
and was put into the tube, it precipitated a quantity of 



ELASTIC FOBCE. 49 

salt wUch disturbed the experiment. I was therefore 
obliged to take it out, and filter it, during which procets 
it attraeted moisture from the ^r, and appeared, by its 
boiling point, not to be perfectly saturated. Though it 
was more free from air than water is, yet it parted from 
what it conttuBed with great difficulty, and would part 
with none when shaken as a water-hammer, though it 
opened in all parts of the liquor. The result of this ex- 
periment is contained in the annexed table ; — ■ 

TiBtB, No. II.— Stationary Baromfter, 29.5. 

















Elulld- 










H»U- 


lici. 




Um. 




Inches. 




lnch«. 




Inditi. 




tnchet. 


4fi° 


0.01 


154= 


5.36 


187° 


12,67 


209" 


20.86 


7« 


0.36 


mn 


6.27 


193.5 


14.5 


210 


21.8 


ai 


0.58 


l«5 


7.2 


195.5 


15.34 


212 


22.74 


ijy 


0.81 


IH9 


8.12 


198.5 


16.25 


214 


23.66 


\\A 


1.72 


\r^ 


9.03 


201.5 


17.16 


216 


24.6 


m 


2.63 


177 


994 


203.5 


18.1 


218 


2552 


i:w 


3.54 


ISO 


10.85 


205.5 


19-03 


22(1 


26.5 


U7 


4.45 


183 


11.76 


207 


19.94 







In the same manner I tried a set 
spirit of wine, the results of which 
annexed table : — 

TjBtE.No. III. 



of experiments upon 





ei^d 




Elutioi 












tlo. 


H»U. 


tits. 


H«l., 




H«li. 






iDchCB. 




Inches. 




IdCh*.. 




InchH. 


34" 


0.22 


120" 


7.12 


146.5' 


15.03 


164" 


22.59 


40 


0.929 


124,5 


R-46 


14R.5 


15.974 


166 


23.53 


67 


1-897 


I2K 


9.4 


151 


16.908 


167 


24.47 


84 


2.806 


i.r.^ 


10.34 


I5'^.5 


17.85 


168 


25.4 


95 


3.744 


l,^'> 


11.32 


155 


18.8 


169 


26.35 


103 


4.7 Vi« 


1 :)') 


12.21 


157 


14,75 


171 


27.3 


110 


5.63 


1415 


13 15 


160 


20.71 


Stat. B 


ir.29.4 


114 


658 


144 


14 1 


1 62.5 


-.il.C'i 
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Upon considering the probable cause of the difference, 
especially in the lower heats, between my experiments 
and those of Mr Southern, related in his letter annexed to 
this essay, I can only reconcile them by supposing that 
the stationary barometer, with which the comparison was 
made, had its scale placed 0.2 of an inch too low, and by 
adding that quantity to the elasticities in table 1st, they 
approach nearly to Mr Southern's experiments. 

If that conjecture is adopted, the same addition will 
be necessary to tables 2d and 3d, as they were compared 
with the same stationary barometer. 

To determine the heats at which water boils when 
pressed by columns of mercury above 30 inches, a tube of 
55 inches long was employed : one end was put through 
a hole in the cover of a digester, and made tight by being 
lapped round with paper ; and, within the digester, the end 
of the tube was immersed in a cistern of mercury. A 
thermometer was fixed in another opening, so that the 
bulb was in the inside of the digester, and the stem and 
scale without ; and the bulb was kept half an inch £rom 
the cover of the digester by a wooden collar. The cover 
being fixed on tight, and the digester half filled with 
water, it was heated by means of a large lamp. 

f The air in the upper part of the digester expanding 
by heat, the column of mercury in the tube was consider- 
ably raised by that expansion before the water boiled. 
The air was let out, and the water heated to boiling ; still 
however, some air remained, for the mercury stood at 
213^^. That deduction being made, the following table 
shows the heats and corresponding elasticities :-— 
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Huts. 


RIuU- 


HUtB. 


riSl: 


H«.. 


dl^l'.' 


H.^. 


EluU. 


213= 


30 


228° 


3<» 


240° 


49 


259° 


fifl 


215 


31 


229.5 


"lO 


242.5 


at) 


2f!l 


68 


217 


32 


231 


41 


244.5 


52 


2C2.5 


70 


219 


33 


232.5 


42 


247 


54 


2t!4.5 


72 


220.5 


H4 


234 


43 


248.5 


SK 


266.5 


74 


222 


35 


235 


44 


250.5 


5« 


268 


7« 


223.5 


3« 


23&5 


45 


252.5 


f!0 


269.5 


7ft 


225 


37 


237.5 


46 


255 


f>2 


271 


80 


226.5 


.3H 


238.5 


47 


257 


M 


272.5 


82 



In making these experiments, the digester was heated 
very slowly, and the heat was kept stationary as much as 
was possible at each observation, so that the whole series 
occupied some hours. The degrees of elasticity were 
observed by my friend Dr Irvine, whilst I observed those 
of the thermometer in all these experiments. 

With the whole of the observations, I was, after all, 
by no means satisfied, as I perceived there were irregu- 
larities in the results which my more urgent avocations 
did not permit me to explore the causes of and to 
correct. 

The matter remained in that state till 1796, when I 
requested Mr Southern to try them over again, in the 
performance of which he was assisted by Mr William 
Creighton. The results of these observations are con- 
tained in Mr Southern's letter to me, which follows this 
memoir ; and, from the very great care with which the 
experiments were made, the known accuracy of both Mr 
Southern and Mr Creighton, and the agreement of the 
experiments with one another, I have reason to believe 
them as nearly perfect as the subject admits of. The 
method he adopted of trying the elasticities above the 
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temperature of boiling water by a piston, accurately fitted 
to a cylinder, is much to be preferred to that adopted by 
Dr Robison, and is more manageable under great elasti- 
cities than that of a long pillar of mercury. 

27. The reference which is here made applies to the 
following letter from Mr Southern to Mr Watt : * — 

" Dear Sir, — The experiments, of which the particular 
circumstances are hereafter related, were made in 1803, 
with the view of ascertaining chiefly the density of steam 
raised from water under different pressures above that of 
the atmosphere, an apparatus having then been made for a 
different purpose, which seemed pretty well adapted to 
this object. 

" Besides the experiments now to be related, in which 
the temperature of steam raised under high pressures was 
observed in 1803, others had been made some years before, 
in 1797 and 98, for that purpose only ; and, as they were 
made with the greatest circiunspection, both the manner 
of making them and their results may be here described, 
as may also the results of other experiments, made with 
equal care, to ascertain the temperature of steam raised 
under low pressures. 

" The instrument used in the former was a Papin's 
digester, similar to what you had used ; the leading differ- 
ences being in adapting a metallic tube to it to con- 
tain the thermometer, or rather as much of it as con- 
tained mercury, in the manner mentioned in the beginning 
of this letter, and instead of a valve, by the load on which 
to measure the elasticity of the contained steam, a nicely 

* In all these experiments Mr Southern was assisted by Mr William 
Creigbton* 
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l>ored cylinder was applied, with a piston fitting it, so as 
to li8Te very little friction, and to the rod of this was 
applied a lever, constructed to work on edges like those 
of a scale-beam, by which the resistance against the 
elastic force of the steam could be accurately determined ; 
and at your suggestion, to he assured that no inaccuracy 
had crept into the calculation by which this resistance, 
through the medium of the lever, was ascertained, an 
actual column of mercury of 30 inches high was substi- 
tuted, and the correspondence was found to be within 
rJg of an inch. 

" The observations at each of the points of pressure noted 
were continued some minutes, the temperature at each 
being alternately raised and lowered, so as to make the 
pressure of the steam on the under side of the piston 
alternately too much and too little for the weight with 
which it was loaded ; and thence a mean temperature was 
adopted, the extremes of which were, as well as I now 
recollect, not more than half a degree on each side of it. 
The load on the piston, including its own weight, &e^ 
&Ct was calculated to be successively just equal to 1, 2, 4, 
and 8 atmospheres of 29.8 inches of mercury each, and 
the temperature of the steam was varied, as above, till that 
of each point was determined ; the results were thus : — 











MFr'"i7. 




1 


29.8 


212° 


2 


59.6 


250.3 


4 


119.2 


293.4 


B 


238.4 


343.6 
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" The experiments for ascertaining the temperature of 
steam below the atmospheric pressm*e were made with an 
apparatus essentially similar to that which you originally 
used, and with scrupulous care and attention : and I met 
with the same incidents as you had done ; such as, the 
production of a bubble of air whenever, after any experi- 
ment, the tube was inclined to refill the ball ; and also the 
extraordinary suspension of a column of mercury of 35 
inches vertical height, and of 7 inches of water above 
that, although the counterpoise was only that of the at- 
mosphere, then under 30 inches. I found also that the 
tube required a considerable degree of taboring, or 
shaking, to make the column subside and leave a space in 
the ball. This phenomenon was not produced till after 
much pains taken in inverting and re-inverting the tube 
again and again, nor till it had been suffered, after these 
operations, to stand for three or four days undisturbed in 
the exhausting position, and then discharging the air that 
had been accumulating in the interval. 

" The results to be foimd in the table below, were de- 
duced from the observations as you had done — ^viz., by 
adding to the height of the column of mercury in the tube 
(ascertained by a gauge floating on the surface of the 
mercury in the basin), that of the water above it, or rather 
of an equivalent column of mercury, and subtracting their 
sum from the height of the common barometer at the time. 
All these results were taken from observations made after 
the apparatus had been so perfectly exhausted of air as to 
produce the phenomenon just mentioned. 
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UtaeL 


sdSet. 


MSeL 


m™. 


Inches. 


Inches. 


Inohn. 


Inchw 


52o 


0. 


0.42' 


0.40 


0.41 


62 


0.53 


0.52 


0.52 


0.52 


72 


0.73 


0.73 


0.73 


0.73 


82 


1.03 


1.02 


1.02 


1.02 


92 


1.42 


1.41 


1.42 


1.42 


102 


1.98 


1.92 


1.95 


1.95 


112 


2.67 


2.63 


2.66 


2.65 


122 


3.58 


3.54 


3.58 


3.57 


132 


4.68 


4.65 


4.72 


4.68 


142 


6.05 


6.00 


6.14 


6.06 


152 


7.88 


7.80 


7.89 


7.85 


162 


9.98 


9-96 


10.04 


9.99 


172 


12.54 


1272 


12.67 


12.64 


182 


16.01 


15.84 


15.88 


15.91 



" The following formula will be found to give the elas- 
ticity belonging' to a given temperature, and vice versa, 
with a Bufficient degree of accuracy for moat purposes, 
nithio the range of the experiments, at least, from which 
they have been formed. 

Let t = temperature, e ^ elasticity, in inches of mercury ; 
T = i+52, and E=e— jV w= 9425 0,000000; 
Then T«-i* 



"But as the calculation is most easily performed by 
logarithms, let L signily the logarithm of the quantity to 
which it is prefixed : 

Then 5.14 LT— 10.97 427= LE 
LE+10.97427 - _ 

5:14 =^^- 

" The following table shows the observed elaaticities, 
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those derived from calculation by the formula, and the 
differences of the two, which appear to me to be as small 
as can be expected, taking a general view. 



Tempera- 


Observed 


Calculated 


Differences. 


ture. 


Elasticities. 


Elasticities. 




Inches. 


Inches. 


Inches. 


32** 




0.18 




42 




0.25 




52 




0.35 




62 


0.52 


0.50 


0.02 


72 


0.73 


0.71 


0.02 


82 


1.02 


1.01 


0.01 


92 


1.42 


1.42 


0.00 


102 


1.95 


1.96 


+0.01 


112 


2.65 


2.67 


+0.02 


122 


3.57 


358 


+ 0.01 


132 


4.68 


4.74 


+ 0.06 


142 


6.06 


6.20 


+ 0.14 


152 


7.85 


7.99 


+ 0.14 


162 


9.99 


10.19 


+ 0.20 


172 


12.64 


12.86 


+ 0.22 


182 


15.91 


16.08 


+0.17 


192 


• • • 


1991 


. • • 


202 


• • • 


24.45 


■ . ■ 


212 


29.80 


29.80 


0.00 


250.3 


59.60 


59.69 


+0.09 


293.4 


119.20 


1 1 8.32 


0.88 


343.6 


238.40 


237.60 


0.80 



" I believe it is now generally considered that the tem- 
perature 212** is that of water boiling when the baro- 
meter is at 30 inches instead of 29.8 ; and if, in the above 
algebraic expressions, the following alterations be made, 
the results from the formulae will correspond with the 
adjustment of that point, and fully as well with the ex- 
periments generally. 

" Let T=^+51.3 ; the index of the power and of the 



rootbeS.I3, instead of 5.14; and ffi=:87344,000000. So 
the two last equations will be: 5.13 LT — 10.94123=:LE; 



" The table will stand as foUows, supposing the thermo' 
meter had been ^aduated for 2 12° to CMirrespond with 30 
inches of the barometer ; — 





Ob«n-d 


C*Jcul. 






Ob«rvd 


ClUrul 




r«np. 


^"^'^ 


EU>Uci- 


^^- 


t™p. 


Klutid- 
liei. 


ti«i°" 


t*^^: 




inches 


Iflchei. 


InQhes" 




Inchc. 


Inch's 


Inchr. 


32° 


•0.16 


0.18 


+o.oi 


142" 


6.10 


6.22 


+0.12 


42 


•0.23 


0.25 


+0.0i 


152 


7.90 


8.03 


+ 0.13 


52 


•0.35 


0.35 


0.00 


1 62 


10.05 


10.25 


+ 0.20 


62 


0.52 


0.50 


—O.O; 


]72 


12.72 


12.94 


+0.22 


72 


0.72 


0.71 


—0.0) 


182 


16.01' 


16.17 


+0.16 


82 


1.02 


1.01 


—0.01 


192 




20.04 




92 


1.42 


1.42 


0.0( 


i02 




24.61 




102 


1.96 


1.97 


+0.0) 


il2 


30.00 


30.00 


0.00 


112 


2.66 


2.68- 


+001 


i30.3 


60.00 


60.11 


+0.11 


122 


3J8 


3.60 


+0.01 


i93A 


120.00 


119.17 


—0 83 


132 


4.71 4.76 


+0 0i 


i43.6 


240.00 


239.28 


—0.72 



" I remain, with the greatest esteem and respect, 
" Dear Sir, 
" Your very obedient Servant, 
'■ oaihio, 2WA mrch i8i<." <. joH„ Southern. 

" To James Watt, Esq, Heathfield." 
f, 28. In the Memoirs of the Royal Academy of Berlin 
for 1782, there is an account of some eaperiments made 
by M. Achard on the elastic force of steam, from the 
temperature 32° to 212°. They agree extremely well 
with those mentioned here, rarely differing more than two 

* Tfaas aia ia>«rtcd from numerou* «xperimenla nisde by Mr W. 
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or three tenths of an inch. He also examined the elasti- 
city of the vapour produced from alcohol, and when the 
elasticity was equal to that of the vapour of water, he 
found that the temperature was about 35° lower. Thus, 
when the elasticity of both was measured by 28.1 inches 
of mercury, the temperature of the watery vapour was 
209**? and that of the spirituous vapour was 173°. When 
the elasticity was 18.5, the temperature of the water was 
189^S and that of the alcohol 154.6°. When the elasticity 
was 11.05, the water was 168°, and the alcohol 134.4° 
Observing the difference between the temperature of 
equally elastic vapours of water and alcohol not to be con- 
stant, but gradually to diminish, in M. Achard's experi- 
ments, along with the elasticity, it became interesting to 
discover whether, and at what temperature, this difference 
would vanish altogether. Experiments were accordingly 
made by the writer of this article, similar to those made 
with water. They were not made with the same scrupu- 
lous care, nor repeated as they deserved, but they fur- 
nished rather an unexpected result. The following table 
will give the reader a distinct notion of them. 



Temperature. 


Elasticity. 


Temperature. 


Elasticity. 


32° 


0.0 


140° 


12.2 


40 


0.1 


160 


21.3 


60 


0.8 


180 


34. 


80 


1.8 


200 


52.4 


100 


3.9 


220 


78.5 


120 


69 


240 


115. 



29. Dr Dalton appears to have been the first to escape 
from the natural enough error of assuming that the va- 
pour of water at 32° would be =: 0. His apparatus is 
the most simple and refined of any that have been em- 
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ployed for temperatures below 212°, and Ms experiments 
are those which, to the present day, have the greatest 
authority. Dr Dalton's first experiments were published 
in 1793, in his Meteorological Esiayt ; afterwards, when 
more extended, in the Manchester Memoirs, 1 802 ; then 
in the first Tolume of his System of Chemistry, 1808; 
and finally in the second volume of the same work, 1 827. 
The foUowing is the account given by himself, of his 
early experiments, in the Manchester Memoirs. 

" My method is this : I take a barometer tube AB, (Fig. 
13,) perfectly dry, and fill it with mercury just boiled, 
marking the place (30) where it is stationary ; then, having 
graduated the tube, I pour a little water or any other 
liquid, the subject of experiment, into "P'tcr. 1 
it, so as to moisten the whole inside ! 
^er this I again pour in mercury, and 
carefully inverting the tube, exclude 
all air ; the barometer, by standing 
some time, exhibits a portion of water 
of J or Jjth of an inch, W, on the top 
of the mercurial column ; because, be- 
ing lighter, it ascends by the side of the 
tube, which may now be inclined, and 
the mercury will rise to the top, mani- 
festing a perfect vacuum from air. I 
next take a cylindrical glass tube CD, 
open at both ends, of two inches dia< 
meter and fourteen inches in length, i 
which a cork is adapted, perforated In the 
admit a barometer tube to be put througii, and to be 
held fast by them ; the upper cork, C, is fixed two or three 
inches below the top of the tube, and is one-half cut away, 
BD as to admit water, &c^ to pass by, its service being 
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merely to keep the tube ete&Ay. Things heing thus circum' 
Stanced ; water of any temperature may be poured into 
the wide tube, and thus made to surround the upper part 
or vacuum of the barometer, and the effect of temperature 
in the production of vapour within can be observed &oin 
the depression of the mercurial column at the top. In tliis 
way I have had water as high as 155° surrounding the 
vacuum ; but as the higher temperatures might endanger 
a glass apparatus, instead of it I used the following ;— 

Having procured a tin tube CD, four 
ches in diameter and two feet long, wit 
circular plate soldered to one end, having a 
round hole in the centre, like the tube of a 
reflecting telescope, 1 got another smaller 
tube of the same length soldered into the 
larger, so as to be in the axis or centre of it ; 
the small tube was open at both ends, and on 
this construction water could be poured into 
the large vessel to fill it, while the central 
tube was exposed to its temperature. Into 
this central tube I could insert the upper 
half of a syphon-barometer, and fix it 
cork, the top of the narrow tube also being 
corked — thus the efiect of any temperature 
under 212° could be ascertained, the depre; 
mercurial column being known by the ascent 
rior leg of the syphon. The force of vapour from water 
between 80° and 212°, may also be determined by means 
of an air-pump, and the result exactly i^ees with those 
determined as above." 

" After repeated experiments by all those methods, 
and a careful comparison of the results, I was enabled to 
digest the following : — 
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1.48 


138 
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.351 


94 
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139 


5,59 


184 
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.363 


95 


1.68 


140 


5.74 


185 


17,00 
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.375 


96 


1.63 
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186 


17,40 
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1.68 


142 


6.05 


187 


17,80 


52 
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98 


1.74 
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99 


1.80 
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.443 
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19.42 
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57 
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148 


7.05 
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.490 
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7.23 
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20.77 
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.507 
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7.42 


196 
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.524 
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.542 
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22-13 


62 


.560 


108 


2.39 


153 


8.01 


108 


22.69 


63 
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157 
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69 




115 


2.92 


160 
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.721 
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3.08 
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28.84 
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.880 
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3.50 
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30.00 


77 
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Dr Dalton afterwards resumed the experimental ex- 
amination of this subject, and was induced to modify these 
numbers slightly, as will be seen from our final table. 

30. Passing over the experiments of Schmidt, Goldner, 
and others, as presenting no important differences from 
some of these we have already noticed, we come to those 
of Dr Ure, published in the Philosophical Transactions 
of 1818, and made at Glasgow during 1817. The ad- 
joining figures represent his apparatus. 

Fig. 15. represents the construction used 
for temperatures under and a little above 
the boiling point. Figs. 16. and 17. are 
those used for higher temperatures, the 
last being the more convenient of the two; 
each was suspended from a lofty window 
cieling, and placed in a truly vertical posi- 
tion, by means of a plumb line. Dr Ure 
gives the following account of his mode of 
experimenting. " One simple principle 
pervades the whole train of experiments 
— ^which is, that the progressive increase 
of elastic force developed by heat from 
the liquid incumbent on the mercury at 
L /', is measured by the length of column 
which must be added over L, the primitive 
level below, in order to restore the quick- 
silver to its primitive level above, at L 
These two stations or points of departure 
are nicely defijied by a ring of fine pla- 
tina wire, twisted firmly round the tube. 

" At the commencement of the experi- i v y i 
ment, after the liquid, well freed from air, ^^«— ^ 
has been let up, the quicksilver is made a tangent to the 
edge of the upper ring, by cautiously pouring mercury, in 
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a elender stream, into the open leg of the syphon B, the 
level ring below is then carefiiUy adjusted. 

" From the mode of conducting my experiments, there 
renmned always a quantity of liquid in contact with the 
vapour, a circumstance essential to accuracy in this 
research. 

*' Suppose the temperature of the water or the oil in'A 
to be 32° Fahrenheit, as denoted by a delicate thermo- 
meter, or by the liquefaction of ice ; communicatB heat to 
the cylinder A, by means of two ai^and flames, playing 
gently on its shoulder at each side. When the thermo- 
meter indicates 42°, modify the flames, or remove them 
so as to mainttun a uniform temperature for a few 
minutes. A film or line of light will now be perceived 
between the mercury and the ring at I, as is seen under 
the vernier of a mountain barometer, when it is rabed a 
few feet off the ground ; were the tube at / and L, of 
equal area, or were the relation of the areas experiment- 
ally determined, then the rise of the quicksilver above L 
would be one-half, or a known submultiple of the total 
depression, equivalent to the additional elasticity of the 
vapour at 42° above that at 32°. Since the depressions, 
however, for 30 or 40° in this part of the scale are ex- 
ceedingly small, one-half of the quantity can scarcely be 
ascertained with suitable precision, even after taking the 
above precautions ; and besides, the other sources of error, 
or at least embarrassment, &om the inequalities of the 
tube, and from the lengthening space occupied by the 
vapour, as the temperature ascends, render this method of 
reduction very ineligible. 

" By the other plan we avoid all these evils ; for what- 
ever additional elasticity may be communicated to the 
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vapour above I, it will be faithfully represented and mea- 
sured by the mercurial column, which we must add over L, 
in order to overcome it and restore the quicksilver under 
/, to its zero or initial level, when the platina ring becomes 
once more a tangent to the mercury. At E, a piece of 
cork is fixed between the parallel legs of the syphon to 
sustain it, and to serve as a point by which the whole is 
steadily suspended. For temperatures above the boiling 
point, the part of the syphon under E is evidently su- 
perfluous, merely containing in its two legs a useless 
weight of equipoised mercury. Accordingly, for high 
heats, the apparatus, Figs. 16 or 17, is employed; and the 

same method of proce- Yiq, 16. Fiff. 17. 

dure is adopted : the ap- 
erture at O, Fig. 17, ad- 
mits the bulb of the ther- 
mometer, which rests as 
usual on l'. The recur- 
ved part of the tube is 
filled with mercury, and 
then a little liquid is 
passed through it to the 
sealed end. Heat is now 
applied by an argand 
flame to the bottom of 
C, which is filled with oil 
or water, and the tem- 
perature is kept steadily 
at 212° for some mi- 
nutes. Then a few drops 
of quicksilver may be re- 
quired to be added to D', 
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till L and f be in the same horizontal plane. The 
further conduct of the experiment differs in no respect 
&om what has been already described — the liquid in C 'u 
progressiTelj heatfid, and at each stage mercury is pro- 
gressively added over L to restore the initial level or 
volume at f , by equipoising the progressive elasticity. The 
column above L being measured, represents the succes- 
sion of elastic forces: when this column is wished to extend 
very high, the vertical tube requires to be placed for sup- 
port in the groove of a long wooden prism. 

" The height of the column in some of my experiments 
being nearly twelve feet, it became necessary to employ 
a ladder to reach its top. I found it to be convenient, in 
this case, after observing that the column of vapour had 
attained its primitive magnitude, to note down the tem- 
perature with the altitude of the column, then ioune- 
diately to pour in a measured quantity of mercury nearly 
equal to three vertical inches, and to wait till the slow 
progress of the heating again brought the vapour in 
equilibrio with this new pressure, which at first had 
pushed the mercury within the platina ring at /. When 
the lower surfece of the mercury was again a tangent to 
this ring,' the temperature and altitude were both instantly 
observed. 

" This mode of conducting the process will account for 
the experimental temperatures being very often odd and 
fractional numbers. I present them to the public, as they 
were recorded on the instant in that particular repetition 
of the experiment which I consider most entitled to con- 
fidence. To trim and fashion the results into an orderly 
looking series, would have been an easy task ; but, in my 
opinion, this is a species of deception very injurious to the 
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cause of science, and a deviation from the rigid truth of 
observation, which ought never to be made for any hypo- 
thesis: we shall afterwards have ample opportunities of 
exposing the fallacy of such premature geometrical re- 
finements. 

" The thermometers were constructed by Creightonwith 
his well-known nicety, and the divisions were read off with 
a lens, so that ^th of a degree could be distinguished. 
After bestowing the utmost pains in repeating the experi- 
ments, during a period of nearly two months, I found that 
the only way of removing the little discrepancies which 
crept in between contiguous measures, was to adopt the 
astronomical plan of multiplying observations, and dedu- 
cing truth from the mean. It is essential, to heat with 
extreme slowness and circiunspection the vessels A, B, C. 
One repetition of the experiment occupies on an average 
seven hours. 

" The apparatus employed in obtaining these results has 
the peculiar advantage, over all others, that the mercurial 
column is never heated. It is the concurrent opinion of 
all chemical philosophers, that caloric travels downwards 
in liquids with extreme slowness and difficulty. Indeed 
Count Rumford's experiments led him to infer, that heat 
could not descend in fluids at all. 

" It is evident that, in my constructions, figures 15, 16 
17, only that small portion of quicksilver within the 
vessels A, B, and C, will be affected by the heat, but the 
measuring colimm is beyond the reach of its influenee." 

31. A series of experiments on high-pressure steam was 
subsequently made by Mr Philip Taylor, but he has not 
described his apparatus. A similar series was also made 
by Professor Arsberger of Vienna. As their results may 
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be useiiil for comparison, we have united them in the table, 
p&ge 68. 

The Elastic Force of the Vapour of Water m inches of 
Mercury, obtained from Experiments bi/ Dr Ure, 
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Tayloi^sand Arshergei's Experiments on High* Pressure 

Steam. 



Temperature, 


Taylor. 


Arsberger. 


212° 


30-0 


» 


220 


34-9 


» 


230 


41-5 


» 


232 


» 


44-4 


240 


50-0 


» 


249 


» 


59-1 


250 


59-1 


» 


260 


70-1 


» 


270 


82-5 


j> 


274 


» 


88-9 


280 


97-7 


» 


290 


114-5 


» 


293-4 


120-4 


» 


300 


133-7 


» 


320 


1794 


» 


322 


w 


176-0 


372 


5> 


325-0 


432 


» 


620-0 



32. We now come to the most imposing series of expe- 
riments hitherto conducted. In 1823, the government of 
France having resolved to legislate on the means for ob- 
taining security in the use of steam-engines, consulted the 
Academy of Sciences, upon the mode of most eflfectually 
promoting the public safety, without placing useless re- 
straints on commercial enterprise and manufacturing in- 
dustry. The examioation into the state of knowledge con- 
cerning the phenomena of vapour at elevated temperatures, 
which resulted from this application, having brought the 
imperfections of this part of science prominently into no- 
tice, the Academy were induced to undertake a long and 
laborious enquiry, not entirely free from personal danger. 



ELASTIC FOECE. 69 

into the law connectiog temperature with the prcBBure of 
steaiD. The commisaion consisted of the illustrious mem- 
bera of the Academy, Baron de Prony, Arago, Girard, 
and Dulong ; and the results of their inTestlgation, finish- 
ed tn 1829, are givea in the tenth volume of the Memoirs 
of the Academy of Sciences, printed in 1831. These ex- 
periments, conducted priincipaUy hj the MM. Arago and 




Dulong, were oa a scile f f magnitude au 1 expense suited 
to the mumficence of the French govermnent and the re 
sources of the Academy The precautions adopted to en 
sure minute accuracy, entitle them to confideuce, no less 
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than the names of two philosophers, so well versed in ex- 
periments of a similar nature. They were carried as high 
as to the twenty-fomth atmosphere of pressure. 

The experiments were made in one of the courts of the 
Observatory. Fig. 18 represents a section of the prin- 
cipal portions of the apparatus. The boiler a consists of 
a cylindrical body, having its axis vertical ; the two ends 
forming top and bottom are spherical segments, strongly 
riveted to the body, the whole being made of the finest 
plate iron. The material of the cylindrical part is half an 
inch thick, the top and bottom being considerably thicker. 
The aperture at the top, six inches in diameter, was closed 
by a plate of wrought iron, an inch and three-quarters 
thick, overlapping the hole about two inches all round, 
and having on its lower surface a projecting ring, adapt- 
ing it to a groove on the upper side of the top of the 
boiler : between these two surfaces was interposed a thick 
ring of lead, and the cover was then strongly screwed 
down by six steel bolts, the nuts of which had head- wash- 
ers, so that, on screwing the whole together, the cover 
became hermetically closed. This experimental boiler 
was built in a furnace of considerable size and mass, 
intended to produce a temperature of the requisite con- 
stancy ; X X are bars upon which the fire rests ; y is 
the flue leading to the chimney. 

The other parts of the apparatus connected with the 
boiler are 6 6> a lever, safety-valve, and weights ; y y (fig. 
19) the thermometer scales; and w w reservoirs of cold 
water, for maintaining uniform temperatures on the ver- 
tical parts of the instruments. 

During the process of proving the boiler by a hydrau- 
lic pump, the common safety-valve, when used as an in- 
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strument for meaaurin^ with precision the pressure of the 
fluid in the boiler, was observed to give very erroneous 
indications, and the necessity of a more delicate appar&tus 
was demonstrated. The improved index of pressure, made 
use of in the esperiments, is shown in fig. 18. For 
measuring the great pressures to be used, a tube of mer- 
cury, 80 feet high, would have been requisite ; but there 
was used, as a substitute for it, a glass tube s z, closed at 
the upper end, filled with dry atmospheric air, and having 
a length of only five feet seven laches, and an internal 
diameter of ^ of an inch, and of a thickness nearly equal 
to its diameter. It was go arranged as to furnish a con- 
venient manometer, capable of giving the same indications, 
by the contraction of the contained air, as would have 
been given in similar circumstances, by a column of mer- 
cury of the height due to the diminished volume of the air. 
The graduation of this manometer, however, presented 
new difficulties. 



:Fig. 19. 




These difGculties were successfully encountered by the 
skill and ardour of the acadeuucians Every one knows 
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that it is impossible to obtain a glass tube of considerable 
length and magnitude which shall have a tolerably cylin- 
drical interior ; and that there are a number of practical 
difl&culties, which render it impossible to obtain even such 
a tube as that of a common thermometer, which shall pos- 
sess the imiformity necessary to a good instrument. To 
make the proper allowance for this inevitable imperfection, 
the academicians easily might have adopted the same me- 
thod as that used in the case of thermometer tubes, by 
determining the volume of successive small portions of its 
interior ; but even this would have furnished a very partial 
remedy for the evil, because it had not been ascertained 
that the space occupied by the air in the manometer wQuld 
diminish in bulk exactly in the proportion of the increase 
of compressing force, or of the corresponding increase in 
the height of the equivalent column of mercury. Two 
problems were therefore to be resolved at once, the elimi- 
nation of the error of the tube, and the determination of 
the elasticity of air under high pressures. Both of them 
were satisfactorily accomplished, by the following labori- 
ous research. 

As a preliminary measure, it was resolved to graduate 
the manometer, and determine the law of the elastic force 
of air under high pressures, by direct comparison with a 
column of mercury, from 75 to 80 feet in height. Such 
an experiment required a suitable locale and a stupendous 
apparatus. Among the buildings of the Royal College of 
Henri Quatre, there may be observed an old square tower, 
sole relic of the ancient church of Sainte Genevieve : there 
exist still in the interior three vaulted floors, pierced in the 
centre, and affording the very supports that were required 
for the erection of this stupendous mercurial gauge. In the 
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centre of this opening there was raised » squared tree of the 
required height, and to this it was deterramed to attach 
the glass tube of 80 feet in height. To form a single 
glass tube of so great a length was impossible : its owa 
weight, when constructed, under the pressure of the iner- 
curj, would have endangered its existence. The glass 
column was built of separate portions, united in mastic, 
with great care, in viroles of steel. Each portion of tube 
was suspended in the air by an exact counterpoise, acting 
over pullejs fixed to the tree ; and the whole of the parts 
were so united in equilibrio, that each sustained only its 
own weight, and the pressure of the mercury due to the 
height of the superior portion of the column. A homo- 
geneous metallic scale was attached, and its divisions read 
by a vernier, as in the common barometer. 

The manometer to be graduated, and this column of 
mercury, were both connected by tubes with a strong cy- 
lindrical \a.sej] holding about 100 Ihs. of mercury. When 
thus placed in communication, a column of water was forced 
into the vase above the mercury by a hydraulic pump, and 
the pressure thus produced raised the metal with equal 
force up into the glass-tube column on the one baud, and 
into the manometric tube on the other. The point to 
which the air was compressed was read off by a vernier, 
and the corresponding height of the mercury having been 
determined, it was manifest that the same degree of com- 
pression of the less instrument would ever after serve 
as the index of an equivalent column of mercury. In this 
manner the whole tube was graduated by careful experi- 
ment. The result of this graduation was satisfactory and 
very instructive. In forming the scale of the manometer, 
no room was left for errors of practical execution ; and the 
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comparison of the volume of the air with the height of the 
mercurial column demonstrated the diminution of the 
volume of the air to be precisely in the ratio of the pres- 
sure, so that the law of Marriotte is rigidly correct, even 
when extended to the extreme case where the air is re- 
duced to less than ^ part of its usual volume. 

This preliminary process having been successfully ter- 
minated, the enormous column of glass was now laid aside, 
and the manometer, with its reservoir of mercury, trans- 
ported to the court of the Observatory, for the purpose of 
being attached to the experimental boiler. Figure 18 
shows the manometer in situ. An iron tube d df, g', com- 
posed of gun barrels welded together, connects the cover 
of the boiler a, with the reservoir of the manometer 
Jl so as to conduct the pressure of the steam to the 
surface, which formerly had sustained the mercurial 
column. The vacant space above the mercury was filled 
with water, which, by condensation from a stream of water 
on the outside, was kept full to the constant height v. 
A column of water contained in the glass tube z z, and 
constantly replenished, preserved the column of air, and 
other parts of the apparatus, at a constant temperature, 
indicated by a thermometer. A tube o jo, of glass, commu- 
nicating with the reservoir of mercury above and below, 
indicates, on the scale ^ w, the variation of level arising 
from the recession of the mercury into the manometer tube. 

To ascertain the temperature of the water and steam of the 
boiler, it had been considered sufficient in the ruder expe- 
riments of earlier observers to insert thermometers directly 
into the boiler itself. Every one who has an acquaintance 
with these instruments knows, that any diflference of pres- 
sure on the glass produces a fedse indication of the instru* 
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ments, so that ereii the few inches of mercnrj ia the in- 
stroment itself, when inverted, alt«r its indications, and & 
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slight pressure of the finger would raise it a degree ; the 
inaccuracy of the old method, when used under a pressure 
of 70 or 80 feet of mercury, or 450 pounds on every inch 
of the immersed surface of the instrument would have been 
great. The French academicians avoided this error, by 
immersing strong iron tubes t t, (figs. 18 and 19,) in the 
water and steam, in which the thermometers, surrounded 
by liquid metal, were kept in close communication with 
the heat of the fluids, without exposure to their force. 
By adopting only very slow variations of temperature, the 
error arising from the motion of heat was rendered insen- 
sible. 

A table of temperatures, from 1 to 50 atmospheres, cal* 
culated in coincidence with the experiments of the French 
academicians, and adapted to English measures, is given 
by us in Article 57> for the purpose of convenient prac- 
tical reference. 

33. The latest series of experiments on the elastic force 
of high-pressure steam, we owe to America. At the re- 
quest of the Hon. S. D. Ingham, Secretary of the Trea- 
sury of the United States, a committee of the Franklin 
Institute, of the State of Pennsylvania, was appointed " to 
examine into the causes of the explosions of the boilers 
used on board of steam-boats, and to devise the most ef- 
fectual means of preventing the accidents, or of diminish^ 
ing the extent of their injurious effects." Among other 
subjects, such as the strength of boilers, the construction 
of safety-valves, to which we shall refer in another place, 
this committee took into consideration the elastic force of 
high-pressure steam at different temperatures. Funds 
were placed at their disposal by the House of Represent 
tatives, and the committee consisted of such a combination 
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of scientific and practical men, as to give high authority 
to their results. On the 1st day of November 1830, the 
tubject was placed in the hands of the followiDg gentle- 
men : — Professor Alex. Dallas Bache, Mr Benjamin 
Reeves, Mr W. H. Keating, Mr M. W. Balwin, Mr S. V. 
Beirick, and Isuab Sukens. 

We sbiall enter more fully on the description of their 
apparatus of experiment than we should otherwise have 
done, because we shall have frequent reference to make to 
the whole of their experiments, not only in this article, 



Fig. 20. 
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but in our article on the Steom-Engine, where we treat of 
exploftons of boilers and their causes. 

The boiler used by the committee is represented ia 
figs. 20, 21, 22. It is a cylinder, twelve inches in 



Kg. 21. 




internal diameter, two feet ten inches and a quarter in 
length within, and a quarter of an inch thick, of rolled 
iron, with the ends riveted in the usual manner. Fig. 21 
is a side view. Figs. 20 and 22 are end views of the boiler, 
and of the apparatus connected with iL The boiler was 
placed horizontally in a furnace, the fire surface extend- 
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ing about halfiray round the cjlinder. The furnace wfts 
atTooged for & ch&rcoal fire, the gtate bars exteodiDg the 
whole lesgth of the boiler, and the fire being ^plied 
uearl; the whole length. The draught entered b; an 
opening, closed in the usual manner, and left the furnace 
through a flue placed at one end and side of the boiler. 
In fig. 20, A is the ash-pit door, B the furnace door, and 
in 21 and 22, C is the Aimace chinmej. 




In order to examine, readily, the interior of the boiler 
during tie progress of the experiments, each end was 
provided with a glass window (D, figs. 20 and 22). The 
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glass used was three-eighths of an inch thick. The open" 
ings in the ends, which were rectangular, were two and a 
half by one and three quarters inches wide. 

Three gauge cocks were placed in the front end of the 
boiler ; their positions will be particularly stated hereafter ; 
they are shown in figs. 20 and 21 ^ at a, 6, and e. 

To the same end, and by the side of the gauge cocks^ 
a glass water-gauge (w, or, figs. 20 and 21) was attached, 
a particular description of which will be given in the 
detail of experiments made to compare its performance 
with that of the gauge cocks. 

To supply the boiler with water, a forcing pump EE ' 
FG, figs. 21 and 22, was placed near the back end. This 
pump was of the ordinary construction, with a sojid plunger 
and conical valves ; the diameter of the pump was one inch, 
and the play of the piston one inch and three-quarters. 
The diameter of the pipe F G, by which the water was 
conveyed from the pump to the boiler, was three4iun- 
dredths of an inch. By a coupling screw, this pipe could 
be connected with either of the stopcocks d e, fig^ 22^ 
in the back end of the boiler : the opening of these cocks 
was two-hundredths of an inch in diameter. 

To ascertain the elasticity of the steam within the . 
boiler, a closed steam gauge (H, figs. 21 and 22), was used, 
a particular description of the construction, &c. of which 
will be given. This instrument was placed upon the same 
stand (I, figs. 2 1 and 22) which supported the pump, so that 
the same experimenter could observe its indications and 
attend to the working of the pump. The cistern of the 
gauge was connected, by a flexible pipe f g^ with the 
upper part of the boiler. 

The safety-valve is shown on the top of the boiler (K, fig^* 
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21), midwaj between the ends. The graduation of it re- 
quired much ptuns, aud will receive a separate discussion. 

Near the aafetj-valve is represented (at L, fig. 21,) the 
fiisible plate apparatus, consisting of a sliding plate of iron, 
moved by a lever. On the other side of the safety-valve 
■re the thermometers (M and N, fig. 21) plunged into 
iron tubes to give the temperature of the steam and vrater 
within the boiler. Above this appears the reservoir O, 
cont^ning the water intended to maintain the scales of 
the thermometers at a constant temperature. All these 
parts require a more detailed description. 

The steam gauge consisted of a glass tube closed at the 
upper, and open at the lower end, which passed steam- 
tight into a reservoir for mercury : when this reservoir 
was connected with the boiler the pressure of the steam 
rused the mercury into the gauge tube, compressing the 
air which the tube contained. The first mercurial gauge 
which was made, was broken by a sudden access of sur- 
charged steam, in the experiments upon that subject, and 
was replaced by a second one. The method of gradua- 
tion, and in general the description of the second gauge, 
will serve also for the first ; the details only varied slightly. 

The glass gauge-tube was 26.43 inches in length. To 
the lower end was connected an iron ferule, terminated 
above by a projecting ring. This ring was pressed upon 
the upper end of the pipe ft, by a coupling screw, which 
served to form a tight juncture between the gauge and 
the cistern. The cistern i was a cylindrical vessel of cast 
iron, having the two projecting tubes h and k, upon which 
screws were cut t the first of them has been alluded to o» 
giving a passage to the glass tube of the gauge ; the 
second was coupled, by the pipe /g, to the boiler. 
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The gauge-tube was not of precisely equal diameter 
throughout, and it was judged more accurate to graduate 
small portions of it into equal volumes. This was done 
by introducing equal measures of air from the point of a 
sliding-rod gas measure (Hare's) ; this operation was per- 
formed repeatedly, and by multiple measures, to verify 
the results, until the marks made for the equal volimies, 
on a paper scale attached to the tube, coincided in the 
various trials. The lengths of the spaces occupied by the 
equal volimies were then carefully measured upon the 
brass scale to be used with the gauge. The slight diflfer- 
ences between the lengths given by adjacent parts of the 
tube, showed that it might be considered as divided into 
so many small portions of uniform diameter. The mer- 
cury rising into the gauge tube from the cistern when 
pressure is applied, the level of the cistern is necessarily 
depressed ; the amount of the correction for this depends 
upon the relation between the areas of the cistern and 
tube, supposed uniform. The areas of the cistern were 
found to be, within the limits of its use, sensibly the same ; 
those of the tube might be so assumed for such a purpose : 
the ratio was therefore found by filling the gauge-tube 
with mercury, and pouring this into the cistern, noting the 
rise produced ; comparing this with the mean length of 
the tube, the ratio of depression in the gauge for ele- 
vation in the tube was found to be as .01 to 1. The air 
within the tube was next carefully dried by the introduc- 
tion of a receptacle of chloride of calcium, of the same 
length with the tube ; the air having been in contact with 
this substance for a sufficient time, the receptacle was 
withdrawn through the mercury over which the drying 
had been effected ; the tube was next placed over a dish 



BLABTIC FOBCB. 63 

of merciirj, io the receiver of &n tur-pump, and the mf 
witlidrawii, vmtil, on re-adwittiDg air to the receirer, the 
mercur; rose in the tube above the iron ferule. 

The gauge-tube was next introduced into the ciBtem, 
the level of which, correaponding to the zero of the bran 
Bcale, was then arranged, and the point of the scale at 
n^ch the mercnrjr gtood waa ascertained, the barometer 
and thermometer being noted. 

It was intended in the experiments to keep the pipe 
from the gauge to the boiler cool, so that it might contain 
water, and thus g^ve a uearly constant pressure upon the 
mercury of the cistern, besides preventing the exposure 
of the apparatus to heat ; the height of this column, above 
the level of the cistern, was therefore aseert^ned, after 
tiie gauge was put in its place hj screwing the cistern i to 
the stand. 

All the elements for calculating the elasticity of the 
steam within the boiler, jrom the height of the mercury 
of the gauge, were thus known ; the temperature of the 
apparatus being supposed constant. 

The elastic force of the steam within the boiler, together 
with the column of water in the steam-pipe, balances the 
elasticity of the compressed air within the gauge, together 
with the column of mercury above the level of that in the 
cistern. This level is not the original zero, but lower 
than that, by the depression produced by the rise of mer- 
cury in the gauge-tube. The depression of the mercury 
changes the level above which the pressure of the column 
of water in the steam-pipe is measured, but the change in 
the pressure, by the column of water, is altogether iucon- 
siderable. The law of the elastic force of dry air, which 
has been recently shown, by Dulong and Arago, to be 
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accurate, at pressures from one to fifty atmospheres, was 
made use of in determining the elasticity of the air in the 
gauge : this elasticity is inversely as the space occupied 
by the air. From the data already obtained, and upon 
the principles just stated, a table was calculated, by which 
the observed heights of the gauge were converted into the 
corresponding pressures in inches of mercury or in at- 
mospheres. The calculations were rendered rather tedious 
by the unequal diameter of the bore of the tube, on ac- 
count of which equal lengths did not correspond to equal 
volumes. The usual method of calculation was resorted 
to, namely, to determine, by rigid calculation, the pres- 
sures, for points sufficiently near each other, and then to 
interpolate for intermediate heights. 

The foregoing remarks take for granted that the tem- 
perature of the air in the gauge, as well as that of the 
mercury, remains constant ; to secure this, an arrangement 
was adopted similar to that employed by Dulong and 
Arago for the same purpose. The gauge and scale were 
surrounded by a glass tube /, cemented below into 
a brass cap m, which had an opening in the side, 
communicating with a discharge pipe n, fig. 21. The 
tube was attached above, by an air-tight juncture, to 
a tin vessel P, of considerable capacity, compared with 
the tube. Water being introduced into the glass tube 
surrounding the gauge, the flow through this tube was 
regulated by a stopcock o, placed at the end of the dis- 
charge pipe, the cistern above being filled with water. 

To ascertain the temperature of the column of water 
surrounding the gauge, a thermometer (/?, fig. 22) with a 
rery small bulb, was attached to the scale at the middle of 
its height: by this instrument, the flow of water through 
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the coBing of the gaug^ was regulated ao as to keep the 
temperature nearly constant, and any deviations from a 
constant temperature were ascertained and noted, that 
the proper correction mi^t be applied. The correc- 
^on for the expansion of the air in the gauge, by a rise 
in its temperature during the progress of the experiments, 
was made according to the rules furnished by the rate of 
expansion of the gases, as determined by Gay Lussac, 
extended to compressed air by the eiperimenta of Davy. 
The correction for the changes of height of the mercurial 
column, within the range to which the temperature was 
suffered to increase, could not have been appreciable if 
acting entirely, and the counteracting effect of the expan- 
sion of the glass further justified its being neglected. 
For similar reasons no reference was made to the effects 
of heat on the mercury in the cistern i, on the cistern 
itself, and on the water within the pipe communicating 
with the boiler. 

Inmostof the researches of the committee, refinements 
in the mode of using the common thermometer would have 
been out of place. Results which might be obtained with 
little additional labour, and which would be interesting 
in both a practical and scientific point of view, were not 
to be neglected, and to some of them great accuracy waa 
essential. In the questions of the first class, the thermo- 
meters were provided with wooden scales, and were gra- 
duated by immersion up to the point at which the scale 
commenced, the scale and upper part of the tube being 
exposed to the air : this was proper, as they were intended 
to be immersed in mercury nearly up to the scale. These 
instruments were examined after coming from the maker's 
hands, and the instrumental error ascertained. The tubes 
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in whicb the thermometers were placed, and which con- 
tained mercury, were at first placed horizontally in one 
of the ends of the boiler : this had the advantage of ren- 
dering the tube for indicating the temperature of the ' 
water entirely independent of the steam, and thus any 
di£Perence between the temperature of one and the other 
mighi: be more effectually ascertained, than when the tube 
giving the temperature of the water passed through the 
steam. The position of these instruments interfered so 
much with other parts of the apparatus, and so much in- 
convenience and danger of error was experienced from 
the separation of the column of mercury in the thermo- 
meter, that these tubes were not used after the first weeks 
of experiment, and two vertical tubes, placed as already 
shown, were substituted for them. 

The thermometers used, when the relation between the 
temperature of the steam and water, and the elasticity of 
the steam were to be observed in conjunction with some 
of the subjects more directly under the cognisance of the 
committee, had much pains bestowed upon them. 

The scales (M and N) were metallic, and surrounded 
by glass tubes, fitting into a cup a\ through the bottom 
of which the stem of the thermometer passed watertight ; 
a pipe y c, fig. 20, from the side of each cup, and pro- 
vided with a stopcock «?, regulated the flow of water 
through the enveloping tubes : a tight connexion above 
with a reservoir (O) served, as in the case of the 
gauge, to supply the tubes with water. Small thermo- 
meters on the back of the scale of the large ones, 
showed the temperature of the water which surrounded 
them. The enveloping tubes being filled with water 
at 60**, the position of the boiling point of water and 
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of the ^isg point of tin, were used to verif j the accu- 
racy of groduation. The latter point, which is high 
upon the scale of the thermometer, having been very 
accurately determined, and being easllj and with certunty 
ascertainable, serves as on ezcellent check upon the gra- 
dnation. The greatest error within the Unoits just stated, 
was in one instrument, three-fourths of a degree, and in the 
other one degree of Fahrenheit. The scales were gra- 
duated from two to two degrees, one quarter of a degree 
bein^ readily estimated upon them. The corrections 
required by this examination were made tlirough the 
medimn of a table prepared for the purpose. In order to 
call the attention to the temperature of the water sur- 
rounding the scales, this temperature was recorded from 
time to time, when the height of the thermometers was 
observed. At no time did the rise of temperature, per- 
mitted in the water, make it necessary to apply a cor- 
rection for the expansion of the scale. None was required 
for the cooling effect of the water around the stem upon 
the mercury, owing to the method of verifying the scale. 

The other parts of the apparatus, less general in their 
use, as the water-gauge, safety-valve, fusible plate appa- 
ratus, &C., will be more conveniently described in con- 
neiion with the experiments for which they were devised. 

34. With this apparatus, and these precautions, a series 
of experiments were made, the results of which are con- 
tained in the following tables ; — 

The Table, No. 1, contains the temperature observed by 
the thermometer in the water, corrected for the error of the 
graduation ; the temperature of the scale of the thermo- 
meter, with a view to show that it was notallowsd to vary 
too considerably ; the observed height of the mercury in 
the gauge, reduced to its mean height ; the temperature 
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of the air in the gauge ; its volume at the observed tem- 
perature ; the volume reduced to 48®, the temperature of 
graduation of the gauge at which the column of mercury 
equivalent to an atmosphere, is very nearly 30 inches ; 
the elasticity of the compressed air, in inches of mercury ; 
the correction in the height of the column of mercury, 
for the depression produced in the cistern below ; the 
height thus corrected ; the height, after subtracting the 
sensibly constant number for the column of water be- 
tween the level of the steam-pipe from the boiler and the 
cistern of the gauge ; the total elasticity in inches of 
mercury ; the elasticity in atmospheres. The first line of 
numbers in the table is merely introduced for the conve- 
nience of presenting certain data required for subsequent 
calculation; it gives the height of the mercury in the 
gauge before beginning the observations, after correct- 
ing for the height of the barometer. 

A curve traced to represent these observations, the 
ordinate s representing the pressures, and the abscissae the 
temperatures, is quite regular, until the temperature cor- 
responding to eight atmospheres is attained, when it rises 
abruptly. This fact was explained, by examining the 
gauge ; it was found that the cement used in attaching 
the glass tube to its ferule had become softened, and had 
permitted the tube to rise. This defect was remedied 
and its recurrence prevented. It was then determined to 
repeat the entire series of observations, and to carry them 
as high as could be done, with reasonable convenience, 
aiming particularly to embrace the range of working 
pressures of the American engines. 

The results are contained in the following table, in 
which the observed data, and calculated numbers, are 

H 
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arranged as in Table No. I. This table extends to 9«9 
atmospheres, and to the temperature of 352** Fahrenheit. 

Care was taken that the elasticities were increased not 
too rapidly, and the last numbers obtained were verified 
bj keeping the temperature sensibly constant for a con- 
siderable time. 

There is one observation, namely, that at 329f ''j which 
is certainly recorded erroneously ; but omitting this one, 
the rest which are given, present a very tolerable regu- 
larity in the curve traced to represent them. For the 
sake of adding to the force of these results, the scattered 
observations of temperatures and pressures incidentally 
made during the other experiments of the committee, are 
brought together in the annexed table. No. III. 

A column is added to that table, to show the number 
of observations employed in obtaining the results. 

Table No. III. enables us to go as low as 1.43 atmo- 
spheres, and is strikingly accordant with the two others as 
far as they extend in common. 

A curve which would be traced by the following table, 
which may be considered to represent the mean of the 
foregoing, would diflPer little more than one-tenth of an 
atmosphere in any part of the range from the observa- 
tions, omitting one noticed in the first, and another no- 
ticed in the second table ; the pressures in general differ- 
ing less than one-tenth of an atmosphere from the observed 
pressures. 

To compare our results with those given by the 
committee of the French Academy, we have traced a 
curve, from the following table, and another from those of 
the thirty observations, selected by the committee of the 
Academy, from their experiments which are below ten 



atmospheres. The curre of our obaerratioDS, passes at low 
pressures nearer to the axis than that of the French 
esperimenters, and after coinciding at the medium pres- 
sures of the table, crosses the latter, difFenng at 10 at- 
mospheres 5 degrees, or at 352^ degrees .65 of an atmos- 
phere. 
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336 
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The difference here noticed is too considerable to be 
admitted as within the limits of errors in the apparatus 
or in observation. Having an authority of so much weight 
i^^ainst them, the committee have been driven to examine 
their results verj closely. The care employed in the 
graduation of the gauge seems to exclude the idea of 
error from it ; the upper portion of the scale was divided 
to .05 of an inch, and could easily be read to half of that 
distance, making about .1 of an atmosphere at the highest 
pressure attained. A specific correction for capillarity 
was ascertained and employed. In one point of manipu- 
lation, namely, the method employed to dry the air, the 
committee differed from what was usual, and though 
they think there is reason to confide in that method. 
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they have examined what effect would be produced if 
air were saturated with moisture. Recent experiments 
on the passage of gases, out and into vessels placed over 
mercury, and observations connected with them, warrant, 
moreover, a suspicion, that dry air standing in a glass 
vessel over mercury, the surface of which is covered 
by water, may become impregnated with vapour. The 
effect of such a source of error they have calculated in 
the highest and lowest results of Table No. II. and find it 
to be as follows : — 
For 248^° the tension of the vapour is 1.96 instead of 1.97, 

and 352 ... 9-78 ... 9.91. 

Differing from the numbers given in Table No. II. by 
.01 and .13 of an atmosphere. 

This supposition is thus shown to be inadequate to 
explain the discordance, and must, in fact, be deemed, to 
a certain extent, gratuitous. 

The committee have next compared the results fur- 
nished by the safety-valves graduated independently of the 
gauge, and these, as has already been shown, gave calcu- 
lated pressures four per cent and ten per cent higher 
than the pressures indicated by the gauge. From these 
independent experimental data, then, we have an evidence 
that our results are probably not too high. 



Sect. in. — on the mathematicax i-aw which con- 
nects THE ELASTIC FORCE OF VAPOUR WITH ITS 
TEMPERATURE. 

* 35. An inference which may be drawn from all these 
experiments is, that Nature seems to affect a certain law 
in the dilatation of aeriform fluids by heat. They seem to 



ELASTIC FORCE. 95 

be dilatable nearly in the proportion of tbeir present dila- 
tation. For, if we suppose the Tapours to resemble air 
in having their elasticity in anj given temperature pro- 
portional to their density, we must suppose that if steam 
of the elasticity 60, that is, under a pressure of 60 inches 
of mercury, were subjected to a pressure of 30 inches, 
it would expand into twice its present bulk. The aug- 
mentation of elasticity, therefore, is the measure of the 
bulk into which it would expand, in order to acquire its 
former elasticity. Taking the increase of elasticity, 
OS a measure of the bulk into which it would ex- 
pand under one constant pressure, we see that equal 
increments of temperature produce nearly equal multi- 
plications of bulk. Thus, if a certain diminution of 
temperature diminishes the bulk of steam \, another eqnal 
diminution will very nearly diminish this new bulk ^. 
Thus, in our experiments (Art. 25), tke temperature* 
heiTig tn artthjiiefUal progression, having equal differ- 
snces, we see that the corresponding elasticities are very 
nearly in tke continued proportion of I to 2, thus : 
Temperatures 1 10° 140" 170° 200° 230° 
5.15 11.05 22.62 44.7- 



S}2-2i 



Now, although extreme temperatures diifer consider- 
ably from this law, still we see that there is a consider- 
able approximation to it ; and it will frequently assist us, 
to recollect that within these limits an increase of 30° of 
temperature nearly doubles the elasticity and bulk of 
watery vapour. 

This law obtains exactly in air and other gases, all of 
which are subject to the Boylean law, or law of Marriotte, 
as it is called, and have their elasticity proportional to 
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tbeir bulk inversely. If the bulk were always augmented 
in the same proportion by equal augmentations of tem- 
perature, the elasticities would be accurately represented 
by the ordinates of a logarithmic curve, of which the tem- 
peratures are the corresponding abscissae ; and we might 
contrive such a scale for our thermometer, that the tem- 
peratures would be the common logarithms of the elasti- 
cities, or of the bulks having equal elasticity ; or, with 
our present scale, we may find such a multiplier m, for 
the number t degrees of our thermometer (above the 
temperature where the elasticity is equal to unity), that 
this multiple shall be the conmion logarithm of the elas- 
ticity F ; so that 

Log. F z= m ^ A. 

36. As Dr Dalton was one of the earliest to investigate 
the properties of steam by well-contrived experiment, 
he has likewise been the most successful in obtaining pro- 
found and accurate views of those general relations which 
connect this with co-ordinate branches of physical know- 
ledge. His experimental researches have been the model 
of imitation to all subsequent investigators. His appara- 
tus was simple, his artifices were highly refined, and his 
processes elegant and precise ; and, consequently, the 
results of his labour were inmiediately transferred to the 
works of highest philosophical character on the Con- 
tinent and at home, and became part of the staple of 
accurate science. But his philosophical views were not 
so readily and widely received, and the fault lay, in part, 
with their author himself. He had overreached the ex- 
isting condition of the other branches of contemporaneous 
science ; and in taking for granted the accuracy of the 
existing state of knowledge, he proceeded to raise a theo- 
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retical structure on ground not yet sufficiently ascertained 
and detenmned. The result has been, as might have been 
anticipated, that now, when the progress of accurate 
knowledge has altered the conditions on which hie sygMm 
was baaed, his theory, becoming inappHcable to the facts, 
has been thrown aside, and, instead of having been modi- 
fied, as it ought to have been, in conformity with the ad- 
vancement of science, it has been hastily abandoned or 
undeservedly neglected. 

From an extensive and laborious review of all that has 
since been added to the stores of our experimental facts on 
the properties of vapour, we have been conducted to this 
conclusion, that of all the views that have been takeu of 
the constitution and laws of vapour, Dr Dalton's are those 
from which we may gain the clearest and most adequate 
conceptions ; and therefore we have undertaken the task 
of reviewing the subject, and of making those changes 
and modifications which are now required to represent 
with fidelity and precision the advanced state of our know- 



series of even the earlier experiments 
on the vapour of water (such as those in Art. 27), we 
cannot fail to recognise a certain degree of regularity in 
the progress of the increasing force of the vapour as the 
temperature is successively augmented. At the temper- 
ature of freezing water, the force of its vapour being 
taken at two'tenths of an inch, we see that it becomes 
more than doubled by raising the temperature 22^° : this 
again is rather more than doubled at 22^° of additional 
heat ; and this is again exactly doubled hy a third addition 
of 22^°. But another addition of 22^° of heat scarcely 
doubles the pressure ; and 22^° more fall still further 
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short of producing that effect ; so that, while the increase 
of the force of the steam takes place rapidly, with equal 
additions of heat, the rapidity of the increase does not 
maintain a constant proportion, but slowly diminishes as 
the temperature ascends. This will be plainer in the fol-* 
lowing table :— 



Temperature 


Pressure on 


Proportion of 


Decrease of 


of the Vapour. 


Mercury. 


Increase. 


Proportion. 


32** 
54^ 


0-200 1 
0-445 J 


2+ ^X5\ 
2+Thi 


8- 


77 


0-910 


99i 


1-820 


2+ f 


9- 


122 


3-500 


2— -1% 


8- 


144^ 


6-450 


i 100 


8- 


167 


11-250 


2 — -^ 


9- 


189i 


18-800 


2 — -/g^ 


8- 


212 


30-000 


2 — T%\j 


8- 



From this simple collocation of results, a principle of 
progression is manifested. The number of degrees in the 
first column increases at each step by 22^ degrees, an^ the 
number in the second colunm on the same line is nearly 
doubled every step. At first, as the third column shows, 
it is more than doubled by -^, next time it is more than 
doubled by j^, and next it is doubled exactly ; after this, 
however, it falls y^ short of being doubled, next time by 
twice that quantity, and so on, tUl we find at last that it 
falls short of doubling every time by about 8 or 9 him- 
dredths for every 11^ degrees. Although, therefore, we 
may at first be disappointed in finding that the reduplica- 
tion does not proceed with the regularity of a law of na- 
ture, still it is satisfetctory to know that the deviation from 
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tiuB progreeBion ia itself the subject of & tolerably simple 
law, so as to enable us to predict, with some measure of 
accnrac J, what would take place if we were to add another 
increment of 22^ degrees. We should then diminish the 
number in the third column hj y^, and bj doubling the 
pressure, and having regard to this diminution from the 
preceding numbers, 2 — -^^ we should have at 

234^" 45.00 2_^ —9 

And again at 

257 63.90 2.—^ —8 

It was in this way that Dr Dalton examined his expe- 
riments, and proceeded to form his tables, so as to include 
not only those points which he had already exanuned by 
experiment, but to fill up the vacancies, and extend them 
beyond the range which his actual observation had reach- 
ed. He thus completed the table which we have already 
given. This was much more accurate than any previous 
table, and, being more extensive, formed a valuable addi- 
tion to our knowledge. 

This ^mple method of interpolation by which Dr 
Dalt«n constructed his table, although it suited perfectly 
the limited object which he at that time bad in view, and 
coincided with the limited range of his observations, was 
not of a sufficiently general description to stretch far be- 
yond that sphere. It is obvious, that if his progression 
were continued much tiirther, it would come to an end of 
itself ; because the constant diminution of the proportion 
in the third column would bring it down to nothing, and 
so the march of the method would close and retrograde, 
and would thus bring the method of the formation into 
opposition with the march of the fact, for the force of the 
vapour continues to increase. Dr Dalton was himself 
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the first to recognise the limited applicability of his method 
of interpolation to wide ranges of temperature ; and, ac- 
cordingly, in his lectures on heat, delivered at Edinburgh 
and Glasgow in 1807, and in his New System of Chemistry, 
published in 1808, he developed those larger and more ma- 
tured views which had grown up in his mind during a 
longer and more thorough investigation of the subject. 

It does not belong to this article to consider the nature, 
and decide on the merits of Dr Dalton's theory of 
temperature; nor is a perfect acquaintance with that 
theory of any further use in understanding his views of 
the constitution of vapour, than to enable us to perceive 
how he was led from the former to the latter. For the 
validity of his views regarding steam, it is indeed of no 
consequence whether the theory of temperature from 
which it was originally deduced, be true or erroneous. 
The general laws which he has determined for elastic 
vapours, form the well-settled foundation on which any 
theory of temperature, true or false, must in some measure 
ultimately rest. 

The only circumstances in regard to temperature which 
it is proper to keep in view, are these : that the present 
thermometer used to indicate temperature is not to be 
regarded as an exact measure of the quantity of heat pro- 
ducing that temperature. This is shown from the cir- 
cumstance, that the same quantity of fuel which heats 
water 10° from 180^ to 190°, will not heat it from 80<> to 
90°, an equal interval. From considerations of this nature 
it was evident that the divisions of the common scale were 
too large near the bottom, and too small in the higher 
portions ; and Dr Dalton evinced this difference to be so 
great, that 72° of the common scale below the freezing 
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point of water down to the freezing point of mercury, 
were to be reclioned as equivalent to as many as 207" of 
Dalton'g scale. Proceeding on this view, it was necessary 
to find the ratio of these two series of indications, the 
indications of Dalton's and of Fahrenheit's scale ; and he 
accordingly found that the precession of Fahrenheit's 
scale was in a high geometrical proportion to the incre- 
ments of true temperature of tlie new one. On this prin- 
ciple he proceeded to construct his new scale of tempera- 
ture, of which the following is a specimen : — 

Fitannheit'i Sale. Dalton'i Scale. 

— 40° (Freezing point of Mercury), — 173° 

32 (Freezing point of water), -|- 32 

110 (Middle of scale), 122 

212 (Boiling point of water), ;..212 

296 ■. 272 

342.7 302 

409.8 342 

520J 402 

600.7 422 

By this new scale of temperature it was found that 
many of the apparent anomalies in the effects of heat were 
resolyed, and the complex relations of its phenomena ren- 
dered Tery simple. Amongst others, the most important 
were the phenomena of vapours, as it was found that, on 
the new scale of temperature, the elastic force of dif 
ferent vapours increased almost exactly in a uniform 
ratio to equal increments of beat. 

But tbe further progress of experimental science soon 
raised up serious grounds of objection to this view. It 
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was found that Dr Dalton had rated the inaccuracies of 
the present scale somewhat too high. His results were 
thus rendered inapplicable to the advanced state of some 
branches of thermal science ; and his theory, instead of 
being modified and improved, was first hastily discredited 
and then summarily dismissed. Unable to follow the 
theory to its whole extent, it was abandoned even when 
it had furnished a safe guide thoroughly to explicate the 
intricacies of obscure truth. 

It is now, therefore, necessary to examine the views of 
those who have endeavoured to form adequate represen- 
tations of the mathematical law which connects the elas- 
tic force of vapour with its temperature. We shall first 
of all examine the methods and views which they have 
adopted, and then consider whether there may not be 
deduced from the clear theoretical vieys of Dr Dalton, 
tested and modified by the results of modem experiment^ 
mathematical expressions of a character, at once less em- 
pirical, and more closely in accordance with observed 
phenomena. 

37. M. de Prony was the first to represent, by a purely 
empirical formula, the law which governs the relation 
between the temperature and the elasticity of aqueous 
vapour. It was derived by him, in 1796, from the expe- 
riments of M. de Betancourt, and constructed according 
to a method of interpolation, which he afterwards pre- 
sented to the Academy of Sciences, and which they have 
placed among the M^moires des Savans Etrangers* 

The Formula which he has thus obtained is 

y being the height of the mercurial column of pressure* 
X the temperature. 
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e the base t^ the oommon log. 


= 10. 




= 0.068831 


A 


= 0.019438 


V 


= 0^13490 


r 


= 0J)58576 


»* 


= 0.049157 


f 


= 4.686080 


f' 


= 3.932560 



The same formoU holds in the case of alcoholic vapour, 
the numerical co-efficientB being changed, and a cotutant 
quantity Assl. 126447 Bubtracted &om the result. 
^= —0.04853, X=:0.02393, r=0.0467, ^=2.60249 
^'= — 0.63414, V=0.09653,ir'=:0.O294, f'=:!.64909 
This formula was afterwords improved by its author, 
and presented in the following more elegant and con- 
venient shape. 

«=f* f-¥t*f+l^ t' B. 



Where z Is the mercurial column of pressure, x the tem- 
perature centigrade, and ft, fi„ f*„i f, p^ f„ eqvudistant 
constants derired from experiment. — For water, these 
values are : — ■ 



ftss —0.0000000196 
fi= -1-0,023403 
^= —0.023403 

and hence he has formed th 
united in a subsequent table. 



r= 1.1 36006 

r= 1.03803? 

p= 1.022490 

numbers which we have 
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M. de Prony's formula for the vapour of alcohol is— 



1 f M 


n 111 


HI mi 


the constants being 






^= —0.000058 

1 




pz=1.090391 

1 


fc:=: +0.024669 




p= 1.045453 


fi= +0.005617 

m 




p=0.83603O 






•» 


=r —0.030288 







These numbers refer to the centigrade thermometer, 
and to an atmosphere of 0.7577 metres in height. 

These formula indicate some singular phenomena at 
high temperatures, which have not been observed in re- 
cent experiments, and may therefore be deemed anomalies 
of the formulae themselves rather than the legitimate re- 
sults of the experiments they were intended to represent. 
The formulae are, besides, much too operose to be useful. 
38. The experiments of Dr Dalton are adopted by La- 
place in the fbiuiih volume of the Mechccnique Celeste, 
where we find him applying them to the calculation of 
the influence of the aqueous vapour of the atmosphere 
upon astronomical refractions. As an empirical formula 
agreeing sufficiently with Dr Dalton's experiments, he 
adopted the following approximation : — 

f^^p, (1 0)»»-0.0154547— w».0.0000625826 Q, 

y being the force at any temperature n of the centesimal 
scale, reckoned from .the point of ebullition, and p the 
pressure of the atmosphere =0.76 metres; or that we have 
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only to odd to the log. of 0-76 the quantity n .0.0154547 
— n* .0.0000625826 and we have the log. of the common 
tabular logarithm of the corresponding elasticity at n cen- 
t«Bimal degrees of temperatiire. — M^ck. CiL iv. 273. 

Theae numbers agree very well with the obseirations 
tiiey were intended to represent, fromO" to 1 00° centigrade, 
but are found inaccurate above and below these points. 

3d> M. Biot, adopting still the methods imd experiments 
of Dr Dalton, found it necessary to modify the formula iit 
order to obtain a closer approximation to truth. Using 
the notation in which we baye eipresaed Dr Dalton's 
method of calculation, Biot considers 

as a first approximation ; of which the logarithmic form is 

Log./„ = log. 30. + n log. a ; 
which would always ^ve the logarithm of the elastic 
force, provided the ratio were accurately constant ; but, as 
it ia variable in Dr Dalton's observed numbers, it would 
be convenient to represent the variation of the logarithm 
of the elastic force thus ; — 

Log./. = log. 30. + - « + ^ «• + V «', &c. 
», fi, y, being constants derived from experiments thus — 
and setting out from 100° cent, as the zero — 

If n =; 0' the number given by exp. is F^ = 30. in. 

n = 25 , Fa J = 11.250 

n = 50 ^50= 3-500 

M=:75 F„= 0.910 

By substituting successively these values in the formula, 

— . 0.4259687 = 23« + 625,9 + 15625.y. 

— 0.9330519 = 50« + 2500^ + 125000.y. 

— 10.5180799 = 75« + .5625;9 + 4.21875.V. 
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From these three equations we can readily obtain the 
three values wanted of «e, $, and y, and which we find to be 

« = —0.01537419550 

fi = — 0.00006742735 

y = + 0.00000003381 
and hence the whole equation 

Log. 30. /n = log. 30. + * n + i8 n* + y n» 
is now determined in English inches for the centigrade 
thermometer ; and in order to compare it with the French 
observations, it is only necessary to remember that 
30. in. = 0.7679 French metres, and to transform it thus : 

Log. FN=clog. Qm .76199 — 0.00112919957 — 0.01537278757...N. 
— 0.00006731995N« + 0.00000003374N' 

and in the common table of logarithms 

Fh = 0°».76. 1 -^ + BNi + CN* 
or, 

Log. F^ = T.8808201 + AN + BN^ + CN' 

which are almost identical with Laplace's formula (C), 

the degrees being reckoned positively from 100<* cent. 

downwards, and negatively upwards. 

In degrees Fahrenheit and English inches, the formula 

in this shape becomes — 

Log. F/ = 1.4771213T— 0.00854121972/ 

— 0.00002081091/2 + 0.000000005 80/^..D. 

These formulae are far from representing the results of 
late experiments at high temperatures, although, within the 
limits of one atmosphere, they accord pretty closely with 
Dr Dalton's early observations. 

40. In the first volume of the new series of the Philo' 
sophical Magazine^ Mr Ivory has given a formula con- 
structed to represent empirically the experiments of Dr 
Ure. It is — 



Log.J.=.0087466(^OOOOI5l78<'+.000000024825(*E. 

The application of this formula is laborious. It is of 
exBctlj the same nature with that of Laplace and Biot, 
and only represents the ohserrationa of Dr Ure within 
their narrow limits ; extended to higher temperatures, it 
seems to deviate considerahly from the truth, as may he 
seen from our tahle (Art. 57.) 

41. Schmidt and Soldner, reviewing Dr Dalton'a expe- 
riments, hare each constructed a formula to represent 

Schmidt's is— F = Ii»»+--wai' F. 

Soldoer's foimula is — 

P=t.,.30.,3_S!?^5g!^) G. 

42. In the Edinburgh Journal of Science for 1829, Mr 
TregasHs has g^ven a theorem, which furnishes a rough 
approximation to experiment. It is this : that \ of the 
temperature above 32°, added to vapour, will double its 
elasticity. 

43. M. Roche, Professor of Mathematics- at Toulon, 
sent to the Academy of Sciences, in 1828, a memoir on 
this subject, in which he proposes a formula, deduced from 
general principles. This formula is — 

'' = «» + '»n^ " 

This formula agrees closely with the French experiments. 
iA. Dr Thomas Young invented a species of formula . 
endrely new. Abandoning altogether the formula in 
which one of the variables is involved as an exponent, 
and abandoning altogether the views from which formulse 
of this kind had been derived, he assumed an expression 
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which is apparently perfectly arbitrary, and which has 
been adapted empirically to the experiments of Dr Dalton. 
It is this : 

F = (l +0.00029).^ K. 

t being reckoned above 212^ Fahr. and F being the force 
in inches of mercury. Hence we get inversely : 



.=£i 



1 



.0029 

For very small changes of temperature, Dr Young's for- 
mula becomes 

t = 1.642^ 

e being the corresponding slight variation of pressure from 
30 inches, which corresponds, within three thousandth 
parts, with the mean between Deluc's correction 1.598, 
and Shuckburg's 1.70, or 1.645&. 

Notwithstanding the simplicity of the form of this ex- 
pression, and the facilities which it presents for ready 
calculation, it is impossible to adopt it, as it deviates 
widely and rapidly from the results of observation when 
extended to high temperatures. Induced, however, by the 
simplicity of the expression, and not a little influenced, it 
may be, by the high authority of a name that will ever be 
distinguished among the most distinguished of those who 
have contributed immortal truths to the treasures of phy- 
sical science, the example of Dr Yoimg has drawn after it 
many followers. Southern, Creighton, Coriolis, Tredgold, 
Arago, and Dulong, have successively attempted to modify 
the formula of Young, so as to twist it into some measure 
of conformity with observed phenomena — we shall see 
with how little success. 

45. Mr Creighton adopted a similar formula to repre- 
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•ent Ure's experiments, only changing the consttwit expon- 
ent from 7 to 6 ; so that, making F the force of steam in 
inches of mercury — 0.09, and the temperature of Fahren- 
heit •}• 85o ^ I, we hare 



\168.878/ 
Log. F = (Log. *— 2.22679)« 

46. Mr Southern represented his esperiments hy the 
formula 

F = 2±ii:5)il!_ +0.1 M. 

87344.000000. 
Or, 

Log.(l.lF) = 5.l3Log.(/+31.3)— 10.94123 
And, 
. Log. (/-H51.3)= ^"g- <P + "^\> + '"-^' gg 

47. Mr Tredgold simply reinstated Creighton's expo- 
nent, altering the co-efficient to bring it nearer to those 
experiments with which he was acquainted when his work 
was written ; but it is inaccurate at high temperatures, 
and like that vf Creighton. 

/'+m\' N. 






48. To adapt the formula to more recent experiments, 
M. Coriolis (in his work Du Calcut de CEffet des Ma- 
chinet, 4to, 1829) changed the exponent to 5.355, making 
it in French measures — 

P_^ l+Q.0187 8tV-»°° Q 

~\ 2.878 ) 

reckoning from 0° cent, in atmospheres of 0.76 metres of 
mercury. 
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49. The French Academy of Sciences have finally re- 
duced the index to 5. ; finding that number represent their 
experiments at high temperatures, they adopted the fol- 
lowing expression : 

F= (l.f-0.71530^ O. 

to give the elasticity in atmospheres of 0.76 metres, the 
temperature being in centesimal degrees, of course 

0.7153 

50. In conclusion, the committee of the Franklin Insti- 
tute have found it necessary to reinstate the index, 6, of 
Creighton, only modifying Dr Young's constant multiplier, 
80 as to obtain 

F = (0.00333^-1-1)6 P. 

51. It may be useful to collate these formulae, and for 
this purpose they are assimilated in notation as follows— 
F being the elastic force due to a certain temperatiu:e t 

Robison's Formula. 

Log. Ft =: m t A. 

Prony's Formula. 

Ft =1 ft ft + ft f* + ft f* + &c B. 

ft ff n m m 

Laplace's Formula* 
Ft = 0.*»76.{10y-®»®^^***^ — ***®'^^^^^^26826,,,C 

Biot's Formula. 
Ft =z 0»«.76. (lo)A«+B«« + c<» D- 

Ivory's Formula. 

F^ = 30. (0.0087466^ — 0.000015178^2 
+ 0.0000002483^3) e. 

Schmidt's Formula. 

P^ —. ^1163+0021« P, 
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Soldner's Formula. 

F, = log. 30.13-(^^)(^^^)..,G. 

52042. 

Roche's Formula. 

F, = 760. 10 ^-5 H. 

11+0.03^ 

Dr Thomas Young's Formula. 
Ft = (0.0029^ + 1)7 K. 

Creighton's Formula. 

^' = (i^r - 

Southern's Formula. 

F^.^ (^+51.3)^-x» ji 

87344,000,000 

Tredgold's Formula. 
Coriolis' Formula. 

p /aoi87^8H-]iy.'5^ o 

\ 2.878 / 

Commission of the French Academy. 
Ft =(0.7153^+1)5 P. 

Committee of the Franklin Institute. 
F^ = (0.00333^+1)6 Q. 

52. From his earlier experiments Dr Dalton constructed 
a scale of true temperature, in which the point of freezing 
mercury is placed at 175®, and in the method he there 
adopts, the increments of the scale of true temperature are 
as the square roots of the corresponding expansions of the 
mercury from its point of maximum density. This scale 
was soon made the suhject of a close experimental scru- 
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tiny by Messrs Dulong and Petit, and afterwards of less 
accurate, though more acrimonious, strictures by Dr Ure. 

This scale was, in fact, slightly inaccurate, because 
it was founded on the comparatively incorrect data of 
the experimental physics of that date. It is, however, 
scarcely fair to institute a comparison between the re- 
sults of a theory based on certain phenomena and the 
results of experiments which the improvement of our 
knowledge has entirely altered. It were less unjust to 
the theory, and more wise as regards the interests of 
philosophy, first to examine how far it would have been 
modified by recent discoveries and then to compare its 
results with the legitimate consequences of the data on 
which it rests. It ought also to be recorded, that Dr 
Dalton published, in the third part of his Chemical 
Philosophy in 1 827, the corrected experimental results to' 
which he had been conducted by the improved methods of 
observation, and the increased experience of thirty years 
which had elapsed from his first experiments, while 
modern writer's continue to use the old numbers which 
should have been altogether discarded. 

Adopting, then, Dr Dalton's recent experiments below 
the point of ebullition of water, and the experiments of 
the French and American Institutes above that point 
to 24 atmospheres, let us see what theory the views of 
Dr Dalton would conduct us to, setting out from these 
improved data. 

Now, Dr Dalton found that, in his experiments, a certain 
progression of temperatures was accompanied by a certain 
progression of elastic force ; but his range of experiment 
being too small, he adopted an erroneous progression, by 
which, reckoning this progression as rising from the 
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beevBg point of mercnry, and proceeding as the squkre 
roots of the equal expansions of mercury abore that point, 
gave 175° OS the point corresponding to the zero of the 
scale and the origin of his progression, 

53. In examining this subject agtun, I have found that 
this gradation of temperatures, thoug4i not exact in 
truth, is analogous to one which may be deduced from 
the best experiments — and equally from Dr Dalton's and 
those of the French Academy. The law at which I have 
arriTed is this — that if we reckon the temperatures from 
the point of congelation of mercury in a logarithmic 
series, the elastic force of steam forms a similar geome- 
tric series to these intervals of temperature. This would 
Indicate that equal intervals of temperature are those 
which expand the substance of the thermometer through 
equal fractional parts of its bulk, instead of equi-differen- 
tlal parts as at present, so that, instead of the common 
arithmetical series as at present, vis., 

C+d+2d+3d+4 d+ nd « 

we should have the temperatures represented by the geo- 
metrical series 

(C+rf) . (l+d^ +rf' +d* + rf») fi 

and then the corresponding elasticities would be the 
geometrical series 

(F + i) . (l+),«+S> + *« + h-) y 

54. Let US therefore endeavour to obtain the values of 
two such series, so as to coincide with the best experi- 
ments. For this purpose we put the series y into the 
form 

• ■»■=/• ' 
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and the series representing the progression of tempera- 
tures into the form 

— = pi f 

then since (^) ^ 

Log. a -f* log. m,n =: log.y* 
or making a the miit of pressure, for simplicity, "we get 

log. m 

whence by substitution in t when S^=:^> that is, when the 
elastic force is that which corresponds to the temperature 
q, we get 

t log./ 

therefore 



r '^ ^ log. w .^........^ 



Loff. ^ = , ^'^ r loff. Z'+log'. V n 

and l^ff-^ ^-^ ^ 

Log./= (log. ^— log. v) -^^ ^ 

^ When, therefore, j5 and r are determined for a given 
value of my the relative is obtained. If we take the 
value w == 2, and if we take from the experiments of the 
French Academy and Franklin Institute, values of t and 
/above and below 30 inches, or unity, which is the value of 
my and let these values be ify f^ /, /'/ then from (^ we 
have 

and 

log. (i.) log./' -log. [pj log./" = i 
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We have only, therefore, to assume r so as to satisfy 
these conditions. Now, 

t _ ^Fahr.^c 

T ■" 212 + c 

that is to say, if we reckon temperature from some given 
point c above or below the usual zero, viz. at the freezing 
point of mercury, like Dr Dalton's scale of temperature, 
and use the elastic force at 212° as our unit of pressure, 
we hare then only to take /' and f'^ from the tables of 
experiment, and give such a value to c as will satisfy the 
conditions. But as Dr Dalton places that zero at 175^ 
we get 

T"" 387 

We have stiU to find p the index of progression, cor- 
responding to the values of y and y " in the experiments. 
If we take the value of m =z 2, then since by ^ 

From the French experiments we get jo^ 1.103, whence 
by substitution, r being=387°, jo= 1.102, mz=2, we have 

l ogF. 
^4.1750 log 2. 

•-^Qffr- = (1.103) R. 

From Dr Dalton's experiments we get 

r = 387°, p 1 .1320, m = 2.602, 

whence ^°g* ^' 

/ i_l'7A'o log. 2.602 

^+i^^ = (1.1320) S. 

387° 

From the combination of Dr Dalton's experiments 
below 30 inches, with the mean between those of the 
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French Academy and the Franklin Institute, we get 

r = 330^ j» =r 1.1 1401, m =2.0, 

whence 

log F. 



log. a 
<+121<' z= (1.11401) T, 

333** 

It is from equation S and equation T that we have con- 
structed the large ta;ble (Art. 56) in which the results of 
these formute are compared with experiment ; the formula 
for high-pressure steam heing compared with the mean of 
the French and American experiments ; hut, as they do not 
extend helow 212*, that part is compared with Dr 
Dalton's tahle. The coincidence of these formulae with 
experiment turns out to be much closer than could pos- 
sibly have been expected where the discrepancies of 
experiments from each other are so great. The experi- 
ments of Dr Ure deviate from those of Dr Dalton, below 
the pressure of the atmosphere, as much as .33, and the 
greatest deviation of the formulae is .08. At pressures 
above the atmosphere the TrmYiTniiTn deviation in the first 
ten atmospheres between the French and American 
experiments amounts to 6.4% while the maximum deviation 
of the formulae is only l.P. — 

It is, however, remarkable, that in all the experiments 
hitherto made, the law of elasticity below the atmospheric 
pressure appears to deviate considerably from that above 
the atmosphere — ^perhaps it may arise from the circimi- 
stance that the experiments below atmospheric pressure 
have been made with different apparatus, having errors of 
a different kind from those made at high pressures above 
the atmosphere. 



j^*'^^^ ■■ ■i~T1itfB 
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From then equations yre etualy deduce Uie fbllowiug 
formulie in a shape convenient for calculation. 



-4fi -( Log- F = 7.71307 (lo| 
=11 J Log. < =0.12965.1og. 

|Sa { when t=fl'^-+nS.' 
Finally 

5.1 j Log. (=0. 
^° a [ when tz=l 



(1(^._ 2^67711) 
F + 2.587711 



Log. F=6.42 (log. fc- 2.5224442) 

[=0.1557634. log. F+52244422. 



These formolse converted into rules are as follows : — 

To find the pressure correBponding to anj g^ven tem- 
perature of steam aboye 212° — 

Rttle. To the temperature add 121°, find the logarithm 
of that sum, subtract from this logarithm the number 
2.5224442, and multiply the remuuiDg number bj 6.42: 
the product is the logarithm of the pressure in atmo- 
spheres of 30 inches of mercury. 

To find the temperature of steam, having any given 
pressure greater than that of the atmosphere — 

Huh. Find the logarithm of the pressure in atmospheres, 
multiply it by 0.1557634, add to the product 2.5224442 ; 
the sum is the logarithm of the temperature, from which, 
if 121° be subtracted, the remiunder will be the tempera.- 
ture on the common scale. 



Example. To find the temperature at which high pre*- 
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sure steam will exert a force greater than the atmosphere 
by 195 lbs. on the inch— 

195. lbs. =: 390. inched of mercury, 

390. inches of mercury =13. atmospheres, 

/• 14 atmospheres =: total elastic force of the steam. 

Logarithm of 14 1.1461280 

.1557634 

11461280 

5730640 

573064 

80227 

6876 

342 

44 



c 



.17852473 
Add 2.5224442 



502.306 is the number of which 2.7009689 is the log. 
121. being subtracted 

381.306® is the temperature on Fahrenheit's scale at which 
the elastic force of steam has a pressure of 14 
atmospheres; an elastic force of 13. X 15. lb. 
excess of pressure above the g-tmosphere on each 
square inch, =: 195. lbs. 

To find the pressure corresponding to any given tem- 
peratiu:e of steam below 212° — 

Hule, To the temperature add l75®, find the logarithm 
of that sum, subtract from this logarithm the number 
2.587711, and multiply the remainder by 7-71307; the 
product is the logarithm of the pressure ^in decimal 
parts of an atmosphere ; which, if multiplied by 1 5, will 
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give pounds on the square inch, and b; 30, inches of 
mercury. 

To find the temperature at nhicb steam will have a 
given elastic force less thau that of the atmosphere — 

Rule. Find the logarithm of the pressure in decimal 
parts of an atmosphere, multiply it by 0. 1 2965, add to the 
product 2.5877110; the sum b the logarithm of the tem- 
perature widch will be expressed in degrees of Fahrenheit's 
scale, if 175 be subtracted from it. 



Example. 


To find the pressure i 


af Bteamat 175' 


To 


170" 




Add 


173" 




The sum i 


;b 345°, of which the log. 2.5378191 




subtract 

the remainder 


2.5877110 




1.9501081 




multiplied by 


7.71307 




6.6507567 






6650756 






95010 






28503 






6650 






-(7.71307) 


The next No. is 0.412837, its log. 1.6157786 




30 





1 2.384 inches of mercury is the pressure ; 
being 17.616 inches of mer. below the atmos. 

30.000 
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By these rules the followiag tahle is calculated. 

Table of the Elastic Force of Vapour in inches of Mer- 
curyy at different temperatures^ according to our For- 
mulas S2 Mow 212° and T« above it. 



0** 0.07 


620 


0.68 


96« 


1.89 


130° 


4.78 


10 0.10 


63 


0.70 


97 


1.96 


131 


4.91 


20 0.15 


64 


0.72 


98 


2.01 


132 


5.03 


30 0.22 


65 


0.74 


99 


2.08 


133 


5.15 


*32 0.24 


66 


0.77 


100 


2.15 


134 


5:28 


33 0.25 


67 


0.80 


101 


2.21 


135 


5.41 


34 0.26 


68 


0.82 


102 


2.28 


136 


5.55 


35 0.27 


69 


0.85 


103 


2.34 


137 


5.70 


36 0.28 


70 


0.88 


104 


2.41 


138 


5.84 


37 0.29 


71 


0.91 


105 


2.48 


139 


5.98 


38 0.30 


72 


0.94 


106 


2.55 


140 


6.13 


39 0.31 


73 


0.97 


107 


2.62 


141 


6.29 


40 0.32 


74 


1.00 


108 


2.69 


142 


6.45 


41 0.33 


75 


1.03 


109 


2.76 


143 


6.61 


42 0.34 


76 


1.06 


110 


2.83 


144 


6.76 


43 0.35 


77 


1.09 


111 


2.91 


145 


6.92 


44 0.37 


78 


1.12 


112 


2.98 


146 


7.08 


45 0.38 


79 


1.16 


113 


3.08 


147 


7.25 


46 0.39 


80 


1.20 


114 


3.16 


148 


7.41 


47 0.40 


81 


1.24 


115 


3.25 


149 


7.61 


48 0.42 


82 


1.28 


116 


3.33 


150 


7.80 


49 0.43 


83 


1.31 


117 


3.42 


151 


8.00 


50 0.45 


84 


1.36 


118 


3.51 


152 


8.20 


51 0.47 


85 


1.39 


119 


3.60 


153 


8.40 


52 0.49 


86 


1.44 


120 


3.69 


154 


8.59 


53 0.51 


L 87 


1.47 


121 


3.79 


155 


8.79 


54 0.53 


88 


1.51 


122 


3.88 


156 


8.99 


56 0.55 


89 


1.56 


123 


3.98 


157 


9.20 


56 0.57 


90 


1.61 


124 


4.08 


158 


9.41 


57 0.59 


91 


1.65 


125 


4.19 


159 


9.62 


58 0.61 


92 


1.69 


126 


4.30 


160 


9.84 


59 0.62 


93 


1.74 


127 


4.42 


161 


10.06 


60 0.64 


94 


1.79 


128 


4.53 


162 


10.28 


61 0.66 


95 


1.84 


1^9 


4.66 


163 


10.51 



ELASTIC FORCE. 



164» 10.75 


192" 19.86 


220" 


35.35 


248- 


58.48 


163 11.01 


J 93 


20.30 


221 


36.08 


249 


59.37 


166 11.28 


194 


20.74 


222 


3f».80 


249.7 


60.00 


167 11^6 


195 


21.19 


223 


3744 


250. 


60.27 


168 11.85 


196 


21.64 


224 


38.3] 


274.1 


90.00 


169 12.05 


197 


22.il 


225 


39.11 


291.9 


120.00 


170 12.36 


198 


22J7 


226 


39.94 


306.8 


ISOjOO 


171 12.66 


199 


23.04 


227 


40.70 


319.2 


180.00 


172 12.96 


200 


23.52 


228 


41.66 


329.9 


210.00 


173 13.26 


201 


24.00 


229 


42.55 


339.3 


240.00 


174 13.56 


202 


24J0 


230 


43.46 


348.8 


270.00 


175 13.86 


203 


25.00 


231 


44.29 


355.6 


300.00 


176 14.16 


204 


25.52 


232 


45.14 


363.0 


330m 


177 14.47 


205 


26.05 


233 


45.95 


369.4 


360.00 


178 14.78 


206 


26J9 


234 


46.78 


375.5 


390.00 


179 15.09 


207 


27.14 


235 


47.58 


381.3 


420.00 


180 13.41 


208 


27.69 


236 


48.39 


387.0 


450.00 


181 15.73 


209 


28.25 


337 


49.21 


391.9 


480.00 


182 16.06 


210 


28.83 


238 


50.04 


396-7 


510.00 


183 16.40 


211 


29.40 


239 


50.86 


401.3 


540.00 


184 16.75 


•212 


30.00 


240 


51.70 


405.8 


570.00 


185 17-10 


213 


30.61 


241 


52.53 


410.0 


600.00 


186 17.46 


214 


31.24 


242 


53.37 


444.6 


900.00 


187 17.83 


215 


31.89 


243 


54.22 


470.5 1200.001 


188 18.21 


216 


32.56 


244 


55.07 


491.4 1500.001 


189 18.60 


217 


33.24 


245 


55.93 






190 19.00 


218 


33.93 


246 


56.73 






191 19.42 


219 


34.63 


247 


57.60 







55. The formulie thus given are in aucli perfect accor- 
dance with our best experimental knowledge, that we can- 
not withhold our assent from the correctness of the prin- 
ciples from which they have been deduced. At the same tjme 
we desiderate very much a better series of experiments 
than we yet possess, as the range of doubtful temperature 
above 212" is far wider than the present perfect state of 
experimental science, and our improved means of observ- 
ing, can at all warrant. The discrepancies between the 
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experiments above and below212<> show, that the two series 
should if possible be performed with identical apparatus. 

The formulae we have obtained have been founded on the 
hypothesis^ that bodies expand nearly equal proportions 
of hulk in equal intervals of true temperature ; and we 
have found that the elastic force of steam increases in 
equal proportions, from equal increments of temperature^ 
reckoned in true intervals from the bottom of the scale. 

Our formula should, however, be capable of being re- 
duced into a form closely resembling those which have 
preceded it, in so far as these have represented approxi- 
mately the experiments they were made to represent ; 
thus the formula of Laplace and his followers is of the form 

P — .(]|m*+m<* + m<> + ^c. ad ir^nitum. 

So, in like manner, we should obtain from Equation T the 
following ; 

Log. 2 X {2log c_log.(o_<°)-A;(^i-+^^+|^+&c.| 

— log. C — log. (1.11401) log. F = 
which is easily presented in a form absolutely the same. 
In like manner, it may be presented at once in the form 
adopted by Dr Thomas Young and all his followers, viz. 

for, if we take our formula S^ 

Log. F=z7.7l307 (log. ^—2.587711) 
we get, resuming the natural number, 

^-(-387") ^- 

Or, if we take formida T^, we get 
p_/f + 121\6.*2 



mt^^m 
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We thus find, that the old formulv htre all approxi- 
mated m a greater or le&s degree to the representation of 
the TSTj hvpothe«u on vhkh oars has now been formed. 
Thejthns add greatlr to the probability of its truth. 

We do not, however, mean to assert, that the icro of 
the mercarial thermometer is ahsotutetj at 175° or 121° 
below the present 0, or that the progression of the tem- 
peratures has been fixed accurately for mercury or for 
rapoor. On the contrary, we bare seen that the discre- 
pancies of the results obtained hj different physical espe- 
rimenters are great, and do not admit of obtaii)iug un- 
changeable Qumerical indices of progression, cither of the 
temperatures or the corresponding elastic force. The 
existence of these two progressions, and their character 
has, we think, been established, and our research has the 
effect of confirming the profound views of Dr Dulton, 
which have, we think, been ill understood aud insufil-' 
cientl; appreciated. * 

56. The following table exhibits some formuhe and 
experiments collated : 
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The first and last columns contain the successive tern-* 
peratures, as far as 240^ and after that the number 
of atmospheres of pressure ; and their reference eX" 
tends wholly across the table. 

Col. II. contains the later experiments of Dr Dalton^ 
interpolated, where necessary, down to 240**; the 
remainder of that column is from the experiments of 
the French Academy. 

Col. III. contains the experiments of Dr Ure. 

Cols. IV. V. and VI. contain the formulae of Dr Young, 
Mr Ivory, and Mr Tredgold. 

Cols. VII. VIII. IX. and X. contain the experiments of 
Southern, Robison, Watt, and the Franklin Institute. 

Col. XI. contains the numbers given by our formidae. 

Col. XII. exhibits the diflFerences between the experi- 
ments of Drs Dalton and Ure. 

Col. XIII. exhibits the diflFerences between the experi- 
ments of the French Academy and the Franklin In- 
stitute. 

Col. XIV. exhibits the deviations of Tredgold's formula 
from Dalton's experiments, down to 240** ; and be- 
low that point, from the mean of the experiments of 
the French Academy and the Franklin Institute, in- 
terpolated where required. 

Col. XV. exhibits the diflference between our formulae 
and the best experiments, Dr Dalton's being taken 
down to 240**; and the mean between those of the 
French Academy and the Franklin Institute from that 
point to the end of the table — ^interpolations being 
used when necessary. 
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SXCTION XV.— OS TKB COKSTITUTIOITAI. CALOBIC OF 
STBAU, ITS DENSITY AND VOLDHE AT DIFFEKBNT TEM- 
FEBATITBE9, AND ITS OEHEBATION AND COKDEKSA- 
TION. 

57. Having now ascertained the force that may be given 
to steam by heating water in a confined space, bo that we 
can always obtain any force we desire by rwaing it to the 
proper temperature, we have nest to enquire what quantity 
of heat is necessary to produce steam of that temperature 
and force. The answer to this i^ueBtion is, to determine 
the quantity of fuel necessary to generate steam of a given 
power, and direct the economic application of that power. 

The quantity of caloric necessary to transform a given 
quantity of water into steam of the same temperature, is 
called the caloric of elatticity of that substance. The 
quantity of heat which it will contain at any given tem- 
perature is called its capacity for heat ; and the relation 
which subsists between the quantity of heat which some 
well known body, such as water or air, gives out or ac- 
quires, in a g^ven change of temperature, and that which 
any other substance will give out or acquire in the same . 
circumstances, is called the ^cific caloric of Uiat sub- 
stance. 

58. Of the quantity of the caloric of elasticity of any sub- 
stance, of its capacity for containing heat, and of its spe- 
cific caloric, the thermometer gives us no information. 
An instrument for doing so may he called, as a distinction, 
the calorimeter. Thus the thermometer measures the in- 
tensity of heat— the calorimeter its quantity. 

If in three several vessels there be contained, at the 
temperature of 32°, a pound weight of three different 
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fluids, water in one, mercury in the second, and oil in the 
third ; and if the heat of an alcohol lamp be applied, first 
of all to the mercury, then to the water, and next to the 
oil, a thermometer being inserted in each, it will re- 
quire much longer time to heat the water to 212** of the 
thermometer than the mercury, twenty-five times as 
much alcohol being burned in the process ; whereas the oil 
will be warmed to the same temperature on the thermo- 
meter, by half the quantity of caloric which is necessary 
to heat the water to 212o. Therefore, the capacity of 
water for heat is said to be twenty-five times as great as 
that of mercury, and twice as great as the capacity of oil ; 
and the specific heats of these substances, in relation to 
water, are thus represented : 

Water, 1.000; oil, 0.520; mercury, 0.040 nearly. 
If, instead of taking equal weights of these substances, we 
had filled equal vessels with them, and then applied the 
quantity of water necessary to heat them to equal tempe- 
ratures, we should have had the capacities and specific 
heat of equal volumes, instead of equal masses as formerly ; 
and it would have been found, that the quantity of alco- 
hol required to heat them to the same temperature was 
only half as much for the mercury as the water, and 
greater for the water than the oil, in the proportion of 20 
to 9 ; showing that the capacity of water was still the 
greatest, and that the specific caloric, in equal volumes of 
these substances, are nearly 

Water, 1.000; oil, 0.450; mercury, 0.550. 
The capacities for heat, and the specific caloric of dif- 
ferent substances, may be determined by cooling as well 
as heating them. An ounce of ice thrown upon a poimd 
of mercury will cool it or an equal weight of oil much 
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more ttian water ; and, in general, the quantity of ice, or 
of cold water, or of cold air, or anj other fluid required to 
cool a bodj, will eiActij correspond to the quantitj of 
caloric reqnired to heat it to the same degree of tempe- 
rature. A calorimeter measures the quantity of ice which 
must be melted in cooling different substances, and is de- 
scribed in our article " Heat." The following are the 
results of such of the most valuable experiments upon this 
subject as are appropriate to our present enquiry : 

Table of the specific Caloric in different ntbttancet. 

Equal EquAl 
WdgbU. Volume!. 

Water, .... 1.000 1.000 

Mercury, .... 0.033 0.470 Dulong and Petit. 

Alcohol, .... 0.700 0.570 Dalton. 

Sulphuric ether, . 0.660 0.500 Dalton. 

Spermaceti oil, . 0.520 0.450 Dalton. 

OUtc oil, . . . . 0.309 Lavoisier & Laplace. 

Sulphuric acid, . 0.350 0.650 Dalton, 

Nitric acid, . . . 0.620 0.870 Dalton. 

Muriatic acid, . . 0.600 0.700 Dalton. 

Sol. of salt (1.197) 0.780 0.930 Dalton. 

Sol.of sugar (1.117) 0.770 0.900 Dalton. 

Ice, 0.900 0.830 Dalton. 

Coal, 0.280 0.360 Dalton, 

Flint glass, . . . 0.190 0.550 Dalton. 

Iron, 0.110 0.880 Dulong and Petit. 

Copper, .... 0.095 0.850 Dulong and Petit. 

Lead, 0.040 0.450 Dalton. 

Tin, 0.070 0.510 Dalton. 

Zuic, O.IOO 0.690 Dalton. 
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Silver, .... 0.055 ... 

Gold, 0.029 ... 

Platina, .... 0.335 
Atmospheric air, . . 0.267 
Hydrogen gas, . . • 3.294 
Oxygen gas, .... 0.236 
Nitrogen gas, • . . 0.275 
Nitrous oxide gas, . . 0.237 
defiant gas, .... 0.420 
Carbonic oxide g^s, . 0.288 
Carbonic acid gas, . . 



1 



. . . Dulong and Petit. 

... Dulong and Petit. 

... Dulong and Petit. 
1.000* 1.000* 

12.340 8.903 
0.885 0.976 
1.032 1.000 
0.888 1.350 
1.576 1.553 
1.080 1.034 
0.221 0.828 1.258 






59* Besides the capacity of different bodies for heat, and 
the specific heat of each at given temperatures, there is 
another condition of heat still more striking, and of 
which the thermometer gives no indication. It is this : 
that the same substance, at different times, may contain 
different quantities of caloric, and yet the thermometer in 
both cases give the same indication of temperature. Ice 
at 32^, which is in the process of melting, and while its 
bulk is diminishing by one-tenth part, receives as much 
caloric as would raise its temperature, when melted, to 
l72° ; and after having received it aU, remains still at the 
same temperature as before, indicating 32** on the thermo- 
meter. In like manner, when the particles of the water have 
acquired so much sensible heat as to raise its temperature 
to 212°, it may receive as much more heat as would have 
raised its temperature 950^ or 960°, if it had continued to 
be shown by the thermometer ; but the water now assum- 
ing the state of steam, the thermometer indicates no ac- 



* In these two columns, air is assumed as unity, the first being the specific 
heat under equal weights, and the second under equal volumes. 
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cession, but remains in the water or in the steam still at 
the temperature of 212^. In those two conditions, there- 
fore, when the particles of ice are leaving the solid and 
taking the liquid form, and again passing out of the liquid 
into the vaporous state, a large accession of caloric passes 
into the substance without being detected by the thermo- 
meter ; this heat, insensible to the thermometer, and ma- 
nifested only by the calorimeter, is called liATENT heat. 
The doctrine of latent heat was discovered by Dr Black. 
The quantity of heat thus latent in the mass of a solid, 
when it assumes the liquid state, is called the caloric of 
Jluidit^, The latent caloric of a liquid passing into va- 
pour is called the caloric of elasticity or vaporization. 

Caloric of Vaporization. 



Caloric of Fluidity. 

Sulphur, . . 144** 

Spermaceti, . 145 

Lead, . . 162 

Bees' wax, . . 175 

Zinc, ... 493 

Tin, ... 500 

Bismuth, . . 550 

Ice, . . . 140 



Water, . . 967* 

Alcohol, . . 442 

Ether, . . 302 

Petroleum, . . 178 

Oil of turpentine, 178 

Nitric acid, . 532 

Liquid ammonia, 837 

Vinegar, . . 875 



60. The determination of the latent heat of ordinary 
steam is a problem of considerable practical difficulty. 
It may be obtained rudely by very simple contrivances. 
If a lamp, which bums with tolerable uniformity, be ap- 
plied to a vessel containing cold water, at the temperature 
of 32®, so long as to heat it to 212°, the boiling point, and 
if the lamp be then weighed and the consumption of oil 
ascertained by the loss of weight ; and if the lamp be still 
applied to the boiling water so as to keep it constantly in 
ebullition until the whole has been converted into steam ; 
the steam passing off at the same temperature as the 
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water) it will be found, when the whole water has been 
boiled away, or converted into steam, that 6 times as 
much oil has been consumed, or that 6 times as much 
heat has been employed in the conversion of the water 
into steam as was required formerly to heat the water from 
32«* to 212*» or to give it 180% of temperature ; so that 6 
times 180° or 1080*, will appear to have been absorbed 
or carried off in the steam of 212° — ^that is, the latent 
heat of steam is 1080°. 

Otherwise, the same determination may be obtained, if 
the steam, when passing off from the boiling water, be 
led carefully in a pipe to a vessel of cold water, so as to 
take from it the heat which it has thus carried off ; if the 
water to which the heat of the steam is given out be at a 
temperature of 32° and of 6 times the quantity of the 
water from which the steam was formed, the whole of it 
will be heated by the caloric of the steam to 212°, show- 
ing that the quantity of caloric of the steam amounts to 
what gives 180° to 6 times the quantity of water ; giving, 
as formerly, 6 times 180° or 1080° as the amoimt of the 
latent heat of the steam. 

It is to Mr Watt that we owe the earliest determina- 
tion of the latent heat of steam. Dr Black endeavoured 
to ascertain this point by the first of the methods we have 
pointed out, by comparing the time of raising the tem- 
perature of water a certain number of degrees, with the 
time of boiling it off a certain number of degrees ; but his 
result was not correct, being only 800°. Mr Watt's re- 
sult for the latent heat of steam was 1006° 79- 

Mr Southern's experiments were made in 1 803 ; and he 
was assisted in them by Mr William Creighton, and com- 
municated them to Mr Watt for an appendix to this article. 
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He obtcuned the number 9S0°. The thermometera employ- 
ed in his experimenta were made and graduated with the 
greatest care, tbe tubes having been accurately measured 
as to the proportional capacity of their different parts. 

A similar series of experiments was afterwards made 
by M. Schmidt, who deterrained tbe heat latent in steam 
to be about 5.33 times that necessary to heat water from 
32° to 212° = 5.33 times 180° or 960 nearly. 

Count Rumford determined the latent heat of steam 
by condensing it in a calorimeter formed by pushing along 
spiral steam pipe through a vessel of cold water, by 
which he obtained 1040.8 as the latent heat of steam of 

M. Despretz in IJie Antiales de Chimie et Physique, 
gives 955.8° as the result of his experiments on the latent 
heat of steam. 

Lavoisier and Laplace make the latent heat of steam 
1000". 

From the cxperijsents of Gay Lussac and of MM. 
Clement and Desormes, the number 990° is generally 
used by the French to represent the latent heat of steam. 
The diversity of the results obttuned from experiments 
made by so many excellent experimenters, with so much 
precaution, is remarkable — ^to eliminate from them the pre- 
cise truth with certainty is not within our present resources 
of analysis. There is high probability in favour of the 
numbers 990. or IOOOt as representing nearly enough 
the latent beat of steam, being 5.555 times the caloric of 
boiling water, its whole caloric reckoned from 32° being 
6.666 times that of boiling water. 

61- A doctrine of great simplicity is now pretty gene* 
rally held as expressing with an accuracy quite within 



134 STEAM. 

the limits of experimental precision, the result of our 
knowledge of the heat latent in steam. It is found that 
in steam of great elasticity and of corresponding high 
temperature, the heat latent is in quantity less ; and that, 
on the contrary, when steam is of lower elastic force and 
of lower temperature than at 212**, its latent heat is greater 
than at 212°. And it appears that we are warranted in 
the conclusion first suggested by Mr Watt and afterwards 
by Dr Dalton, that the whole amount of caloric in a given 
quantity of elastic vapour remains the same at all tempe- 
ratures and under all pressures. When the volume of 
the vapour is great, the greater is its capacity and the 
less its temperature ; while, by compressing it into 
smaller space, its elasticity is encreased and its temper- 
ature raised. The doctrine is thus expressed, that the 
sum of the sensible and latent heat of vapour is a con- 
stant quantity/, M. Despretz has extended this to the 
vapours of several other fluids. 

There is another expression for the law of the constitu- 
tional heat of the vapour, which is, in the language of the 
Atomic Theory, that every atom of a fiuid in the state of 
vapour possesses^ under every degree of elasticity and 
pressurCy the same quantity of caloric. This doctrine 
leads to very important consequences both of a theoretical 
and practical nature. 

It follows immediately from this doctrine, that if a 
quantity of vapour have once been formed by adding to the 
liquid the quantity of caloric necessary to the constitution 
of the vapour, the same particles of matter surrounded by 
the same spheres of caloric may pass through all grada- 
tions of density, and through all gradations of tempera- 
ture, without either parting with caloric or obtaining 
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fresh ntppliea. Vapour of the temperature of 212°, as it 
rises from water boiling in the open air, maj be collected 
in a vessel and compressed by the force of 30 Inches of 
merbnr; into half its bulk, it vill become steam of a higher 
temperature viz. 250°, from the increased quantity of 
caloric in the diminished volume, and in this case the 
latent heat will only be 970° Instead of 1000°. If com- 
pressed still further again into one half of that bulk, the 
temperature will rise to 292°, and leave only 920° latent. 
Compressed still further into half of the last-mentioned 
space, that is into ^ of its original hulk, the temperature 
is raised to 339°, leaving only 873° latent; and ajiother 
step would raise the temperature to 392°, leaving only 
820" latent ; less than seven steps more would bring the 
steam into less than its original bulk of water, with a tem- 
perature of between 900° and 1 000° of sensible heat, and 
an amount of latent beat not much greater than its origi- 
nal proportion of sensible heat, or 212*^. In this case, we 
should have steam as heavy as water and as hot as flame. 

If, on the contrary, this process were reversed, and the 
steam produced at 212" under the pressure of an atmo- 
sphere permitted to expand in vacuo to double its bulk, a 
portion of the sensible heat would become absorbed into 
the spheres of caloric around the atoms of water, increasing 
the latent heat by 32°, and diminishing the sensible heat 
to 180". The bulk being again doubled, and the steam 
expanded to four times its original bulk, the temperature 
would sink to 150", and three more repetitions of the ex- 
pansion would giveavapour of 71° temperature, and 1141" 
of latent heat. 

This expansion and contraction of the steam, accompa- 
nied by diminished temperature, is exactly what would 
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exist if our atmosphere, instead of oxygen and nitrogen, 
were wholly composed of vapour of water. Suppose the 
temperature of the ocean to be lOOOS a-n atmosphere of 
vapour would be raised of 2000 times the weight of the 
present atmosphere : the under-part of this atmosphere, 
compressed by the superincumbent weight, would be of 
great density ; but in ascending, the diminished pressure 
would be attended with diminished temperature, until at 
last a cloud of white ice would be seen floating on the 
surface. Must not the sim, from his intense heat, be a 
body of this nature, having an atmosphere of enormous 
depth, on the summit of which the beautifully crystalline 
and sparkling crust is continually preserved by its diminish- 
ed temperature in a state of renewed whiteness ? 

62. The specific gravity, density, and volume occupied 
by steam at different temperatures, have been correctly 
determined by experiment; and it has been ascertained 
that the expansion of vapour follows the law of the expan- 
sion of other gases by heat; viz. the law of Dalton and 
Gay Lussac, that all gases expand from l.to 1.375 in bulk, 
by 180** of temperature, or ^J^y for each degree of Fahren- 
heit; and, secondly, that steam obeys the law of Boyle and 
Mariotte, contracting in volume proportionally to pressure. 
It is first of all necessary to know what bulk a given 
quantity of water converted into steam will occupy at a 
given pressure, and the application of these laws will 
determine the specific gravity, density, and volume at ^11 
other pressures and temperatures. 

63. The experiments of Gay Lussac upon this subject 
are simple, elegant, and satisfactory. His apparatus is as 
follows : — A chauffer, F, contains burning fiiel, by which 
heat is communicated to B C, a bath of mercury. A 
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Fig. 23. 



spherule A, of thin g\aaB, hermetically 
closed, cODtaius a given weight of 
water. G ia & glass tube of consider- 
able diameter, 611ed with pure dry 
mercury, and Inserted in the bath, after 
which the spherule A, containing the 
water, is allowed to ascend to the top 
of the mercury, and is then broken by 
concussion, so that a ^yen quantity of 
water is thus placed in the Torricellian 
vacuum at the top of the mercury. By 
the fuel in F heat is then communicated 
upwards, by the fluids, to the' whole ap- 
paratus, and to the water in the summit 
of the tube G; and the mercury de- 
scends until the whole of the water is 
converted into steam, after which it 
ceases to descend in the same rapid _ 
proportion to the increase of tempera- t 
ture. This cliange shows tliat the whole of the water is 
evaporated, and the heat must again be allowed gradually 
to di mini sh, until the depression of the mercury corre- 
sponds to the temperature indicated in our tahle of Elastic 
Force. The capacity of the tube G is shown by divisions 
on its sur&ce previously fixed, and the height of the mer- 
curial column by a graduated rule and vernier r r, sup- 
ported on the edge of the bath. The thermometers h h 
indicate the temperature of the fluids. 

By means of this apparatus, Gay Lussac has deter- 
mined the specific gravity of steam to be .625, air being 
1000.; that is to say, steam from boiling water is lighter 
than common air in the proportion of 5. to 8. 
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64. Dr Dalton's recent experiments make the weight of a 
cubic foot of air at 60^ = 535.68 grains ; therefore a cubic 
foot of common steam weighs 334.8 grains at 60^, under 
a pressure of 30 inches of mercury; but as this pressure 
would convert it into water, the true weight will be found, 
by the law of Mariotte, thus : 

30 in. : .065 : : 334.8 : 7.254 

the true weight, in grains, of a cubic foot of steam at 60% 
and imder the former pressure due to its own elasticity in 
vacuo ; but if we wish to know the weight of a cubic foot 
of steam at 212% we must use the law of Gay Lussac and 
Dalton, thus : 

(2120-60-') or 1520 ^,^.. ^^^ ^ 
480 ^ 

254.3 grains is therefore the weight of a cubic foot of 
steam, as it passes off from water boiling in the air at 212^. 

But the weight of one cubic inch of wat^ at 60® is 253 
gprains ; therefore, the weight of a cubic inch of water at 
60® is almost exactly equal to one cubic foot, or 1728 
cubic inches, of steam. 

Hence we find, that the particles of water, when they 
form steam, are so much repelled by their spheres of ca- 
loric, as to be kept at twelve times their original distance 
from each other ; that, in this gaseous state, water is 1728 
times rarer than when liquid ; and that one gallon of wa- 
ter, with the requisite supply of caloric, will make 1728 
gallons of steam. 
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Dr Dalian's Table of the Density of Air and Steam* 



100 cubical inches of air under 30 in. Barom. and | 




60° Fahrenheit, being 31 grs. 




Tempe. 


Vol. Air. 


Weight of 100 

cubic inches 

of steam. 


Elasticity 


rature. 


under 30 in. 


of steam. 


Fahr. 








320 


480 


.178 grs. 


0.26 


34 


482 


.191 


0.28 


36 


484 


.203 


0.30 


38 


486 


.206 


0.32 


40 


488 


.229 


0.34 


42 


490 


.245 


0.37 


44 


492 


.267 


0.40 


46 


494 


.284 


0.43 


48 


496 


.303 


0.46 


50 


498 


.323 


0.49 


52 


500 


.341 


0.52 


54 


502 


.366 


0.56. 


56 


504 


.384 


0.59 


58 


506 


.402 


0.62 


60 


508 


.420 


0.65 


62 


510 


.444 


0.69 


64 


512 


.468 


0.73 


66 


514 


.492 


0.77 


68 


516 


.521 


0.82 


70 


518 


.551 


0.87 


72 


520 


.580 


0.92 


74 


522 


.610 


0.97 


76 


524 


.645 


1.03 


78 


526 


.680 


1.09 


80 


528 


.721 


1.16 



65. The source from which caloric is obtained for the 
conversion of water into steam, is either the heat of the 
sun, the central heat of the earth, or of artificial fires. It 
is upon the intensity and quantity of this heat that the 
elastic force, temperature, density, and volume of the steam 
obtained for any particular purpose must depend ; and it 
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Gay Lussads Table of the Density and Volume of Steam, 





Water at 32* being the unit of Density and Volume. 


1 


Temperat. 


Density. 


Volume. 


Temperat. 


Density. 


Volume. 


Fah. cent. 






Fahr 


cent. 






32.0 Oo 


0.00000540 


182323 


143.60 


62° 


0.00013760 


7267 


35.6 2 


609 


164332 


147.2 


64 


15010 


6662 


39.2 4 


686 


145886 


150.8 


66 


16356 


6114 


42.8 6 


772 


129587 


154.4 


68 


17797 


5619 


46.4 8 


869 


115305 


158. 


70 


19355 


5167 


50.0 10 


974 


102670 


161.6 


72 


21013 


4759 


53.6 12 


0.00001092 


91564 


165.2 


74 


22794 


4387 


57.2 14 


1224 


81686 


168.8 


76 


24702 


4048 


60.8 16 


1372 


72913 


172.4 


78 


26739 


3741 


64.4 18 


1534 


65201 


176. 


80 


28889 


3462 


68. 20 


1718 


58224 


179.6 


82 


31195 


3206 


71.6 22 


1914 


52260 


183.2 


84 


33637 


2973 


752 24 


2133 


46877 


186.8 


86 


36237 


2760 


78.8 26 


2376 


42084 


190.4 


88 


38984 


2565 


82.4 28 


2643 


37838 


194. 


90 


41891 


2387 


86. 30 


2938 


34041 


197.6 


92 


44956 


2224 


89.6 32 


3263 


30650 


201.2 


94 


48201 


2075 


93.2 34 


3619 


27636 


204.8 


96 


51613 


1938 


96.8 36 


4017 


24897 


208.4 


98 


55191 


1812 


100.4 38 


4442 


22513 


212. 


100 


58955 


1696 


104. 40 


4916 


20343 


250.5 


121.4 


0.0011147 


897.09 


107.6 42 


5418 


18659 


275.2 


135.1 


16150 


619.19 


111.2 44 


6023 


16805 


293.7 


1454 


20997 


476.26 


114.8 46 


6585 


15185 


307.54 153.8 


25763 


388.16 


118.4 48 


7242 


13809 


320.3 


160.2 


30402 


328.93 


122. 50 


7970 


12546 


331.9 


166.5 


34911 


286.12 


125.6 52 


8753 


11424 


341.7 


172.1 


39434 


25359 


129.2 54 


9606 


10410 


358.8 


181.6 


• 48226 


207.36 


132.8 56 


0.00010525 


9501 


418 4 


214.7 


89863 


lli.28 


136.4 58 


11523 


8680 


4571 


236.2 


0.0129030 


77.50 


140. 60 


12599 


7937 


478.6 


265.9 


203060 


49.31 5 



is therefore an important point to determine how it is to 
be obtained. 

The most important and common sources of heat for 
the production of steam, are the combustion of coal, char- 
coal, wood, resin, and oil. Many experiments have been 
made upon the quantities of caloric given out during their 
combustion ; but the results vary much with the methods 
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of applying the best. The six following are some of the 
results of Dr Dalton's experiments ; the rest are selected 
from the best authorities : 

One lb. of Hydrogen, bnmt with 7 Ihs. oxygen, produces 
8 lbs. of water, and rtuses 230 lbs. of water 1 80". 



Ch&rcoal, 2.) 

Oil, was, tallow, 3.i 

Oil of turpentine, 

Corburetted hydrogen, 4, 

Olefiant gas, 3.i 

Naphtha, 3.1 

Rape oil, 

Caking coal, 

Olive oil, 

Charcoal, 

Coke, 



3.8 carbon, acid^ 31 lbs. 

4.5 water and carb-oc^ 81 

46.4 
5. water and carb. ac. 66 

4.6 water and carb. ac. 67 
» 73 



51 



Newcastle coal, S5£ 

. Culm, 1 1 

The numbers in the last column represent the number of - 
pounds of water at 32°, which will be heated to 212°, 
when the fuel is applied in the most economical manner ; 
and hence the quantity of fuel to heat any other quantity 
of water any number of degrees, can be found by the 
common arithmetical rules of proportion. 

The quantity of water at 212°, which will be converted 
into steam, may be found, by ^ dividing the number oE 
pounds of water in the table by 5.55. Thus, from the 
table— 

1 lb. of Newcastle coal g^ves 180° to 55.5 lbs. of water. 
Therefore, 1 lb. of N.wc.»l. 1 5W ^ ,„,i„f„„,. 

coal converts mto steam, J 5.55 

Thb is to be taken as the effect that may be produced 
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if there be no material loss of heat ; and in the Cornish 
engines I find that even 10.5 lbs. are actually accom- 
plished. 

In general, however, for the purposes of ordinary ma- 
nufactures, in Lancashire, Staffordshire, and the vicinity 
of London, it appears that not more than 6.6 lbs. of water 
are converted into steam by one pound of coal ; so that 
not more than 33.3 lbs. of water are heated with ordinary 
boilers from 32° to 212**. The following table may be 
taken as the numbers usually given to represent the 
actual state of practice. But a late investigation by Mr 
Parkes shows, that in the best constructions of boilers 
now used in Cornwall, Warwickshire, and elsewhere, 
these elBPects are nearly doubled : 

1 lb. of the best coal is generally required to heat 

33.3 lbs. of water from 32° to 212°. 

1 lb 6.6 lbs. of water at 212° into steam. 

and 1 lb 5.5 lbs. of water at 32° into steam. 

2 lbs. nearly one cubic foot of water from 32° to 

2120. 

11 lbs. nearly one cubic foot of water at 212° into 

steam. 
13 lbs. nearly one cubic foot of water at 32° into 

steam. 

Now, as a gallon contains ten pounds of water, it fol- 
lows that — 
1 lb. of coal wiU raise 3^ gallons of water from 32° to 

the boiling point. 

5 lbs. of coal will convert 3^ gallons of water at 212° into 

steam. 

6 lbs. of coal will convert 3^ gallons of water at 32° into 
steam. 

We have given these approxima.te numbers for practical 



WARMING APARTMENTS. 143 

use, in the application of steam to some of the ordinary 
purposes and processes of art and domestic use, upon 
which we are about to enter ; and they are such as may, 
with very ordinary care, be safely calculated on. But for 
a full exposition of the processes, and principles, and me- 
chanical arrangements connected with the best methods of 
generating steam from fuel, we must refer to the article 
" Steam-Engine," where the generation and condensa- 
tion of steam find their most important uses. 

It may perhaps be proper to remark, that a boiler, 
which is there called a boiler of one, two, or three horses' 
power, is one which is capable of raising one, two, or 
three cubic feet of water into steam in an hour. Whatever, 
therefore, be the application for which steam is wanted, 
if twenty cubic feet of water per hour are required to be 
converted into steam, a twenty horse-power boiler is that 
which must be procured for the purpose — and of course 
from 220 to 260 pounds of the best coal will be consumed 
in that time. 

Section v. — The appmcation of our knowljbdge 
OF the properties, phenomena, and laws of 

STEAM TO PRACTICAL AND ECONOMICAL PURPOSES. 

1. Warming apartments and buildings by steam. 2. 
Heating greenhouses, &c., by steam. 3. Evaporating 
solutions, drying fabrics, paper, gunpowder, grain, &c., 
by steam. 4. Warming baths, boiling liquids, and 
distilling by steam. 5. Preparation and economy of 
wholesome food by steam. 6. The steam-engine. 

1. Warming Apartments by Steam. 
Q%. One of the most important applications of steam 
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in the economy of fuel, is its employment as a vebicle for 
transferring to a distance, and distributing uniformly, the 
heat of a fire for the purpose of warming an apartment or 
building. Its great efficiency for this purpose arises from 
the largeness of its capacity for caloric ;. because, as it 
holds a quantity of caloric equal to 1000 degrees, it will 
communicate as much heat as a mass of red hot iron; 
and it will have this advantage over the iron, that it 
can carry this heat to a distance without a similar loss ; 
because, the heat being latent, will not be given out until 
it arrive at its destination and become condensed, when 
the whole of its 1000° will be usefully applied. 

The manner in which warming by steam is to be 
effected, is this. At a convenient part of the building, and 
as low as possible, there is .to be placed a close steam 
boiler of the ordinary construction. From this boiler a 
small steam pipe is to be carried to the part of the 
building which is to be warmed. This small pipe should 
be pretty thick, and carefully rolled round with a fillet of 
flannel to a quarter of an inch thick, and the boiler 
should be wholly covered with bricks and plastered over 
to keep it warm. This smaller steam pipe should have 
an area of one square inch for every six gallons of water 
that the boiler can boil off in an hour. Pipes of a larger 
size are to be laid roimd the room above the floor, or 
under the floor, if apertures be left to allow a free circu- 
lation of warmed air to enter the room; but the best 
method, we have seen is, to make the surbase, which passes 
roimd the room, of thin iron plate or copper having the 
external figure of the surbase, and sufficiently strong to 
withstand the pressure of the steam, which strong tin 
plate or copper of 1^ lb. to the foot will sufficiently effect, 
if the surbase be not more than about 4 inches square. 
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Into these larger pipes the steam is to be conducted, and 
in them the steam will be condensed into water, and will 
give 1000® of heat to the colder air of the room which is 
in contact with the outside of these pipes. In doing so, 
the steam being condensed into water, small pipes of lead 
x»r tin must be provided, for the purpose of bringing 
back this condensed water into the boUer ; and, in order 
that they may act well, care is to be taken that a gentle 
^lope, of about an inch in 20 feet, be given to all the pipes. 
The condensed water being thus conducted back to the 
bottom of the boiler, it will there be replenished with heat, 
and in the form of steam will again carry up its supply of 
1000° to the apartment, again to be given off as formerly 
to the room, and then returning once more to the boiler, 
a continual circulation of the same particles of water, 
giving out in each circuit a quantity of heat equal to red 
hot iron, is uniformly and gently imparted to and diffused 
equally over the apartment. The pipe which brings the 
steam from the boiler may be called the feeding pipe, the 
pipes which give off the heat the radiating pipes, and the 
pipes which lead back the water to the boiler the return 
pipes. We have already given dimensions for the feed 
pipe. The return pipes need not be more than ^ of the 
diameter of the feed pipe, but an increase of size could 
do little harm, and may have the effect of preventing 
accidental obstruction : the boiler will require to have a 
pint of water added now and then to supply accidental 
waste ; and a safety-valve on the boiler is indispensable. 
A self-regulating feeder, such as that mentioned in the 
article Steam-Engine, among the apparatus of boilers, is 
also to be recomended where it can be readily attained. It is 
necessary, however, to give directions at greater length 

N 
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for the dimensions of the warming or radiating pipes, as 
it is upon their proper construction and arrangement that 
the efficiency of the apparatus entirely depends ; and the 
apparatus has frequently failed from the want of proper 
precaution. The radiating pipes in the room are gener- 
ally too small. It is their extent of surface, and the free 
circulation of air round them, which determines how 
much of the heat will be given out, and how rapidly, 
From very accurate experiments I am induced to conclude 
that a room containing 500 cubic feet of air, and exposing 
400 feet of surface, may be maintained at a temperature 
of 20® above that of the air without — ^that is to say, at 
60*^ in the inside of the room when the atmosphere is at 
40° without — ^for a space of twelve hours, by the evapora- 
tion of 2 gallons of water, and at the expense of about 
three pounds of coal of the value of one farthing. 
But this -supposes that there is no ventilation, and that 
the air of the room is never changed ; whereas, the pre- 
sence of one individual would render it necessary to intro- 
duce nearly 400 cubic feet of external air every hour. 
Now, the heat of 20® given to 400 cubic feet of air would 
require the evaporationof 3 gallons of water ; and, therefore, 
the evaporation of 3 gallons of water would be required for 
such a room, and 3 gallons for every person in it, if properly 
ventilated, and for every 2 gallons there should be at 
least one square foot of radiating surface ; so that such 
a room, occupied by one person, would require a surface of 
warming pipe equal to 2^ square feet, and so on for every 
such room and occupant, for a space of 12 hours in the 
day. 

Thus, the evaporation of 1 gallon per day for every 400 
feet of surface, with a dilBPerence of temperature of 20® 
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from the external air, and 1^ gallons per day for each 
person, and 1 square foot of radiating surface, is a stan- 
dard from which we easily calculate. 

A room 30 feet long, 20 feet wide, and 10 feet high, 
has a surface of 2200 feet, which would require 5^ gal- 
lons ; six people would require 9 gallons ; therefore, 14^ 
gallons of water and 7\ feet of radiating surface will heat 
the well-ventilated room 12 hours for 6 persons at an 
expense of 25 lbs, of coal, or about threepence per day ; 
or a whole house, occupied by 6 persons, may be warmed, 
if 30 feet high, 30 feet wide, and 30 feet deep, at tenpence 
a-day, the price of coals being twenty shillings a-ton. 

It is scarcely necessary to add, that the radiating pipes 
may be best constructed of thin copper, and ought to 
be roughened and blackened on the outside. 

In the same way the calculation may be made for any 
other room, building, and number of occupants. 

For more extensive and minute information on the 
subject of warming, the reader is requested to consult 
the article " Warming and Ventilation," in the 
Encyclopsedia. 

The form in which the radiating surface may be distri- 
buted admits of variety. 

Provision must be made for the expansion and con- 
traction of the pipes. 

The arrangement of steam in the apartment to be 
heated is of some consequence. It is, we have already 
stated, sufficiently out of the way in the surbase, but, in 
that case, much heat passes out into the walls and wood. 
It may stand on the hearth like a stove, and consist 
of concentric cylindric chests within each other (fig. 24), 
filled vrith steam, and allowing air to ascend by the sides 
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and througli the iuter- Fig. 24 

vening spaces, so as 
be made warm) and 
the outer surface radia- 
ting directly on the sur 
face exposed. It may b 
tubular, and coiled i: 
a large quantity in 
small box fitted up exter- 
nally in the appearance 
of a cabinet or pedestal 
in the apartment, thus : 
(Figs. 25 and 26) ; the 
feed pipe commencing 
at the top of the coils, 
and the return pipe pass- 
ing off from the bot- 
tom As the conduetmg 
poner of tin is nearly 
equal to that of iron, 
a quantity of tm pipe 
will suffice, and be more 
economical than iron 
or copper. This coil ^^ 

■nay be placed in a cabinet or pedestal of the form of 
Fig. 26, and the warm air wiU have free egress through 
the wire-work of the panel. 

The next diagram (Fig. 27,) shows an arrangement of 
copper steam-vessels, by which an extensive surface is 
very efficiently exposed to the air, the condensed water 
being drawn off at the bottom. 

There is one case in which warming by steam may 
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Fig. 26. 
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be employed witli especial advantage^ and where it is fre- 
quently neglected — where the power of steam is already 
employed to drive machinery. Let the engine employed 
be what is called high-pressure, or non-condensing, in 
which the steam escapes from the engine; and is passed off 
into the air ; and, instead of the common plan, let the 
steam from the engine be conveyed in pipes through the 
apartments to be warmed, and let the diameter of the pipe 
gradually increase towards the end of its circuit, and finally 
terminate in a hot- water pipe, which may also circulate in 
the building, and there will be given out the whole original 
heat of the steam after having done its work in the steam- 
engine, and that as effectually as if there had been no 
steam-engine at all, and the whole power of the engine 
will thus be clear saving. This will be the case to a stilj 
greater extent if the steam-engine work expansively, and 
may further be increased if the pipes be so formed as to 
constitute an aerial condenser. For further information 
on this subject see article Steam-Engine. 

2. Warming Hothouses^ GreenhotiseSy Sfc, hy Steam, 

67. The principles which regulate this application of 
jsteam are similar to those mentioned already in Art. 66, 
and steam possesses the same advantages in the distribu- 
tion of heat for this purpose, which it does in the cases 
already mentioned. The warmth thus distributed is freed 
from those risks of injury to the vitality of the plants, 
which accompany the old method of warming by hot air 
flues, in which a contaminated and unwholesomely dry air 
and unequable temperature were inevitably produced, and 
an occasional annoyance from smoke. The warmth given 
out by the steam is of uniform intensity throughout the 
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whole length of the glass ; it occupies yery small space 
— one furnace and chimney is all that is required for any 
extent of range of glasshouses, as the steam may he con- 
veyed to any usual distance in well swathed pipes without 
sensihle loss. The saving thus effected hy the concentra- 
tion of the fire, and hy its equahle distrihution, has heen 
found to produce an economy of more than one-third of the 
fiiel commonly used. At Sion House, the seat of the Duke 
of Northumberland, there are nearly a thousand feet in 
length of glasshouses heated by one such apparatus. The 
boiler and chimney may also be placed at a convenient 
distance from the houses — a circumstance which contri- 
butes much to the beauty of this arrangement. 

Those who wish to study the detaib of this subject are 
referred to Mr Loudon's Horticultural Works, and to the 
article " HoETicuiiTUKE," in the Encyclopaedia. The fol- 
lowing are the mechanical principles and arrangements 
that belong exclusively to this article. 

Our first subject of enquiry, is into the amoimt of heat 
requisite to sustain the glass at a given temperature 
higher than that of the external air ; if we take the tem- 
perature of the atmosphere at 35°, and that of the hot- 
house at 66'^y giving 30° of difference, we shall have a case 
approaching near to that of a glasshouse in winter. In 
order to determine this question, which can only be as- 
certained by experiment, the author has examined a case 
upon a large scale, which may furnish a standard of com- 
parison. 

The large palm-house of the Botanic Garden of Edin- 
burgh is an octagonal structure, 60 feet in diameter, and 
45 feet high. Excepting stone pillars at the angles, and 
between the windows, of about three feet wide, the whole 
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building is glass, presenting a surface of almost exactly 
5000 square feet of glass. The quantity of fuel required 
in a cold atmosphere, having a mean of 35°, is 1344 
pounds for 24 hours ; being at the rate of 269 lbs. of coal 
for every 1 000 feet of glass in a day, or 1 1 .2 pounds an 
hour for 1000 feet, or .01 12 of a pound per hour for each 
foot. 

To confirm this observation, it was thought proper ta 
examine another house of different dimensions. The 
eastern wing of the great range of houses is warmed by a 
fire, which consumes half that quantity of coals, of about 
half the value, being dross of a bad quality ; so that its 
consumption is about ^ of the other in real value, being 
about 672 lbs. of dross, equivalent to 336 lbs. of good coal 
in 24 hours. Now, the exposed glass of this wing amounti^ 
to about 1 376 square feet, being at the rate of 243 lbs. to 
1000 feet — a result which is sufficiently near to the other, 
to allow us to assume 250 or 260 lbs. of fuel in 24 hour* 
for each thousand feet, as a standard of tolerable accuracy 
in such cases. It may be useful to add, that these houses 
are in tolerably sheltered situations, and that the glass 
faces in every direction, so as to be acted on with toler- 
able uniformity. 

Hence we have the following results : 

Temperature of the air 35** — temperature of the hot- 
house 65^. 

Heat sustained 24 hours, by 250 lbs. of good coal, for 
1000 square feet of glass. 

Heat sustained 1 hour, by 10.4 lbs. of good coal for 1000 
feet of glass. 

Heat sustained 1 hour, by 0.0104 lbs. of good coal, for 
one foot of glass. 
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To find what amount of steam will be required to warm 
such a house, we have only to apply the calculations of 
Art. 66 ; 10.4 lbs. of good coal will conyert seyen gallons 
ef water into steam ; therefore, a boiler of one horse's 
power is necessary to eyaporate a sufficient quantity of 
water for the supply of steam for each 1000 feet of glass ; 
that is to say, for the palm-house alone, a boiler of fiye 
horses' power would be required to fiimish steam ; and 
this supposes the hot water of the condensed steam to be 
returned into the boiler immediately ; and if this were not 
the case, six horses' power would be the size of boiler 
ordered for this purpose : hence— 

To warm a hothouse by steam, there is required the 
boiler of a steam-engine, reckoned at one horse's power for 
every thousand feet of glass. 

The method of distributing the heat through the rooms 
of the hothouse, is not a matter of so nice calculation as 
in a common apartment. There is much greater conve- 
nience for this purpose in a greenhouse than a common 
room, on account of the necessary vacuities under the 
ranges and beds. In general, a single circuit of steam-pipe 
four inches in diameter, round the apartment, with a re- 
turn pipe of equal dimensions laid parallel to it, is sufficient. 

It is, however, of great importance to provide a remedy 
for one of the practical inconveniences of steam. When 
the fire is not very carefully tended, as during the night, 
the steam in the boiler falls below the proper point, and 
the supply instantly ceases. This is remedied by the 
following method. Cast iron boxes, a foot square and 
five or six feet deep, are filled with stones, and ranged 
round the forcing rooms — a pipe passing into each of them 
communicates a supply of steam to them, and the stonea 
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they contain. The caloric entering first of all with rapi- 
dity into the stones, is afterwards given out gp'adually by 
them to the house ; and the advantage of this arrangement 
is, that even if neglect or accident were to occasion a tem- 
porary cessation of the supply, this heat would still continue 
to be given out from the matter of the boxes for several 
hours, imtil the defect might be remedied. These boxes of 
stones perform the same function for caloric that a fly- 
wheel does for mechanical power-^-absorbing it when in 
excess, and giving it out again when deficient. 

It is a valuable hint to economy, which Mr Macnab 
has put in execution in his houses at the Botanical Gar- 
den, that the boiler flues should be extended to the greens- 
house after they have left the boiler ; the remaining heat 
is thus given out to the hothouse, and the last degree of 
saving accomplished. With this arrangement a smaller 
boiler will suffice ; but it will not always be convenient, 
neither can a greater length than about 30 feet of flue be 
advantageously used in this way. 

3. On Evaporating and Drying Solutions, Cloths, 
Paper, Grain, Gunpowder, Sfc, by Steam. 
68. We have already observed how well the peculiar- 
ities of steam enables us to make use of it as a vehicle 
for the collection, transference, and distribution of heat. 
In addition to the facility with whi^h it may be carried 
to a distance, and the uniformity of temperature resulting 
from it, we have this further adaptation to the purposes 
now imder consideration, that the temperature can at no 
time become so great as to produce injury, or deteriorate 
the substances to which it is applied. Hence it follows 
that thickened liquids, strong solutions, and any porous 
solid matter impregnated with fluid may be evaporated. 
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and wholly separated from the fluid, without iucurring 
the danger and sufiPering the deterioration resulting from 
direct application of the fire. And, farther, by the proper 
application of steam, as a conductor of heat, liquids may 
be warmed, evaporated, and even boiled in yessels of wood, 
which is in some cases, as in brewing and delicate distri- 
butions, a matter of much importance. 

When any mixture or solution of a solid in water is to 
be evaporated by steam, it may be done in some of the 
following ways. 

(1.) The vessel containing the solution may have 

two bottoms, the interval between them being filled 

with water and steam, and the solution resting on the 

upper one, the fire is applied to the under one ; thus the 

steam and water intervening between the solution and 

the fire, the latter is protected, as well as the vessel 

itself, from being burned when the process has nearly 

attained the necessary degree of dryness ; and the process 

of communicating the heat from the fire to the water 

takes place in the following manner ; the fire generates 

in the water bubbles of steam, which ascend from the 

lower to the higher bottom of the vessel, which is in 

contact with the solution and acquires its temperature, 

and, giving off their heat to the upper bottom, are condensed, 

and fall down again to the lower bottom to acquire the 

accession necessary to rise, once more, in steam to the 

top. This plan has been successfully used in making salt ; 

and it is necessary to have a safety and an atmospheric 

valve attached to the space between the lower and upper 

bottoms. The quantity of heat required for the purpose 

of evaporating the water of the mixture is neither 

increased sensibly, nor diminished by the intervention of 
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the steam between the bottoms ; the number of gallons of 
Water to be evaporated from the solution will determine 
the quantity of heat by Art. 66. 

(2.) A second method of producing evaporation is to intro- 
duce among the mixture a steam pipe, so as to wind amongst 
it either in the form of a' helix, like a cork-screw or worm 
of a still, or to perform such a circuit as shall expose a 
large quantity of surface, with tolerable uniformity, to the 
fluid for the absorption of heat from the steam. Copper 
is the best material for the tubes, and wooden tanks lined 
with lead or tin will contain the mixture. The fuel 
required for evaporation will be 5 lbs. for every 3 J gallons 
of water to be evaporated, and the steam boiler must 
have one horse's power for every 6 gallons to be evapora- 
ted in an hour. 

(3.) A third method is the invention of Mr Goodletof Leith. 
The substance to be evaporated is forced by means of a pump 
into a long copper pipe, which enters a close steam boiler, 
and after winding through it so frequently as to expose a 
sufficient surface for a sufficient length of time to acquire 
the necessary supply of heat from the boiler, again passes 
out from the boiler and discharges its heated contents into 
an appropriate reservoir, again, if necessary, to be passed 
once more through the same process by the force pump. 
In this case the substance is brought to the steam boiler for 
evaporation instead of having the steam brought to it, and 
thus any loss of heat during the transit of the steam is 
prevented. 

A steam kiln for drying grain has been used with 
great success by the same person. The grain is spread 
out on the iron floor of a large room — this floor is perfo- 
rated with a multitude of small openings, or formed of a 
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very fine grating ; immediately under the floor steam 
pipes of 6 inches diameter lie parallel to each other at 
small intervals apart, and radiate heat directly to the floor 
and the grain, and also to the surrounding air, which in 
this hot state ascends through the grain ; numerous large 
ventilators being provided for the escape of the vapour 
thus impregnated with moisture, after it has ascended 
through the grain. This method has been found effectual, 
and is attended with less risk of injury than the ordinary 
one. 

In the processes of drying and printing cloths and 
fabrics of various kinds, rapid and complete drying is of 
much importance. This is effected principally in what is 
called a drying frame: this consists of a dozen of tin 
cylinders, a foot in diameter and 6 or 8 feet long ; these 
cylinders are closed completely by two hemispherical ends, 
and are placed upon an axis in a frame, so as to revolve in 
contact with each other. Steam is conducted into all 
these cylinders by a pipe passing through the axis, which 
is hollow, and the joint is made steam-tight by a stuffing- 
box similar to that of the cover of a steam-engine cylinder. 
A piece of cloth dripping from the dye- vat is passed 
through the frame once and is then perfectly dry. Of 
course, the quantity of steam required for this process is 
proportional to the number of pounds of water to be eva- 
porated from each piece, that is, to the difference between 
the weight of a piece when wet and when dry. The 
number of lbs. being ascertained, the fuel and power of 
the boiler are found from article 66. 

In the manufacture of paper the process of drying by 
steam is beautifully exhibited. The wet pulp, laid out on 
the web of wire cloth, is gradually strained as it approaches 
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the large hollow cylinders, around which it winds for half 
a minute and then comes off perfectly dry finished paper, 
ready for use. This process is minutely described in the 
article " Paper " of the Encyclopaedia. 

4. Warming' Baths^ Boiling Liquids^ Distilling by 

Steam, 

69- To heat water rapidly, and in considerable quantity, 
by means of a fire placed at some distance, is a problem 
frequently proposed ; and steam for such a case is an ex- 
cellent vehicle for the heat. Let there be placed in a 
steam boiler 1 gallons of water, and heated into steam ; 
these 10 gallons conveyed to a reservoir or bath of water 
at a distance, by a small lead pipe, will heat nearly 55 
gallons of water from 32o to the boiling point, or 165 gallons 
from 40** to 1 00<>, the usual temperature of a warm bath. 
A bath of the ordinary construction will require about 
160 gallons, and the said 10 gallons will require 18 lbs. of 
coal, value sixpence. Besides this, the sides of the bath, if 
made hollow, may be warmed by the introduction of steam 
between the lining and the outside, at the same time that 
the water is warmed ; and the apartment may further be 
heated with steam pipes from the same apparatus. 

The most effectual method of communicating the heat 
of steam to water, is to pass the open end of the steam 
pipe from the boiler directly into the water to be heated, 
so as at once to mix with it. The mouth of the pipe, 
properly regulated by a stopcock, should enter at the 
bottom, and be directed from one end of the bath along 
one side towards the other, and thus the impetus of the 
steam on entering will communicate to the water a circu- 
lation highly conducive to an equable distribution of heat. 
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A yerj simple apparatus of this kind may be placed in 
the same apartment with the bath itself. A boiler 4 feet 
long and 2 feet deep, with a fire covering a square of 1 8 
inches, will heat such a bath in three quarters of an ho\ir. 
A copper boiler will be most effective, and the steam pipe 
should first be matted with bandages of flannel, and then 
stitched with canvass painted, from the boiler to where 
it enters the bath. 

In establishments where there are many baths, a reser- 
voir at the top of the building may be kept constantly 
filled with water ready to descend into the baths, the 
reservoir being supplied with heat from the steam pipe of 
a boiler placed in the outer buildings, or some other 
suitable place. It is to be recollected that the boiler used 
must be what is called a one, two, or three horse power 
boiler, according as one hundred, two hundred, or three 
hundred gallons per hour are wanted; and so on for 
every additional hundred gallons of water at 100® of 
temperature — one horse power of boiler for one hundred 
gallons. 

The same process may be used for heating and even 
for boiling a liquid or solution, in which no injury will 
result from adding the steam of this condensed water to 
the liquid. In a dye-work, or other work where much 
boiling and many solutions are used, steam boiling in this 
manner is a process of great convenience and value. 
The vessels containing dyes of various kinds, including 
leys and solutions of various substances, in which cloths, 
yams, wools, and various materials are to be boiled, 
are ranged around a spacious apartment. Around this 
apartment, attached to the wall, circulates a steam pipe of 
two inches diameter, from which smaller branch pipes go 
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off to each of the boilers from the nearest point, and pass 
down to the bottom of their respective vessels. The exit 
of the steam is governed by a stopcock under the hand of 
the operator ; and by this means he can easily, by allowing 
a smaller or greater supply of steam to enter the liquid, 
produce a uniform and gentle simmer or excite an instan- 
taneous and tumultuous ebullition. Two great advanta- 
ges give this method much superiority over the common 
mode of boiling by the direct action of the fire. The con- 
densed steam supplies to the solution exactly as much 
water as is lost by evaporation, so that it remains of the 
same strength through a protracted process, and there is 
no injury sustained by allowing the substances immersed 
to settle down and rest at the bottom. 

Where it is not allowable for the caloriferous steam 
to be condensed in contact with the liquid to be warmed 
or boiled, we must resort to the method of heating by sur- 
face ; that is to say, the steam must be conveyed through 
the mass of liquid by a pipe, or other conductor best fitted 
to give out the heat or retain the water. A very thin pipe 
of the purest soft copper is best for this purpose ; 2 inches 
in diameter and ^ to 4*5 of an inch in thickness will be found 
good dimensions, and a square foot of surface for every 1 
gallons of water to be boiled per hour will be required. For 
some purposes, it will be enough to wind the pipe i n a spiral 
round the inside of the vessel to be heated ; but if the 
vessel be large, numerous pipes must pass through the 
liquid. For boiling 1000 gallons per hour, 200 feet of 
copper pipe 2 inches in diameter are required. 

In distillation by steam, the same method of communi- 
cating heat to the liquid to be distilled is employed as al- 
ready described in boiling. But the vapours of other 
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liquids having less specific caloric than water, a smaller 
quantity of steam from the boiler will be required to eva- 
porate them than to evaporate an equal quantity of water ; 
thus the heat of 1 gallon of water will evaporate and cause 
to be distilled 2 gallons of alcohol, 3 of sulphuric ether, 
and 4 of turpentine. It is a curious phenomenon, of 
which distillers should avail themselves in carrying off the 
vapour in distillation, that although alcohol floats on 
water, and ether on alcohol, nevertheless the vapour of 
water floats above vapour of alcohol, and vapour of alco- 
hol above vapour of ether. 

The densities of water, alcohol, and ether 
being 10. 8. 7. 

and the densities 

of their vapours 6. 1 6. 25. 

in round nimibers. 

5 Preparation of Food hy Steam, 

70. The last of the applications of steam which we 
shall here examine is that which was historically the first, 
its application to cooking and other domestic uses. This 
invention makes its appearance in the following record of 
the Royal Society of London. 

At a meeting of the Council of the Royal Society, 

December 8, 1680. 

Ordered, that a book intituled A New Digester, or 
Engine for softening Bones, &c., written by Denys Papin, 
Doctor of Physick, and Fellow of this Society, be printed 
and published. Chr. Wren. 

This work on the New Digester was accordingly 

published in 1681 ; " Containing the description of its 

make and use in these particulars, viz.. Cookery, Voyages 

o 
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set Sea, Confectionary, Making of Drinks, Chymistry and 
Dyeing, with an Account of the Price a good big Engine 
will cost, and of the profit it will afford." 

The following list will show the extent to which the 
learned doctor had proceeded in applying steam to the 
improvement of the dietetic art. It is copied from the 
Index to the work. " (1.) How to know the quantity of 
pressure in the Digester. (2.) How to know the degree 
of heat. (3.) How meat may be kept upon the fire three 
times as long as is necessary to make it ready, and yet 
it will not be spoiled. (4.) The same experiment made 
upon bones. (5.) How to boil mutton. (6.) How to 
boil beef. (7.) How to boil lamb. (8.) How to boil 
rabbits. (9.) How to boil pigeons. (10.) How to' boil 
fish. (11.) How to boil pulse. (12.) How to make 
jelly, very cheap. (13.) Glue for glasses. (14.) Harts- 
horn turned like Parmesan cheese. (15.) A macque- 
rel kept without salt. (16.) Salt water as good for 
nourishment as fresh water. (17.) To make sweetmeats 
at a cheap rate, and of a new taste. (18.) To make two 
sorts of drink with the same fruit. (19.) To make a 
new sort of wine. (20.) Tinctures drawn in the hun- 
dredth part of the time usually required for them. (21.) 
New ways for distilling. (22.) How to hatch chickens. 
(23.) How to save the labour of grinding cochenille. 
(24.) To dye with thick juices. (25.) To make horn 
and tortoiseshell soft for a great while." 

This catalogue of uses of steam we shall shortly run 
over, as the modem uses of steam for cookery are princi- 
pally applications of Dr Papin's methods ; and as valuable 
economization in the preparation of food on a large scale 
has resulted from them^ especially in the extraction of 
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higUj nntritious food from bones. A digester on the 
principle of Dr Papin's is used in ererj modem kitchen. 
' Description of the Digester and how to use it safely." 

"A Ais a brass (or Fig. 28. 

copper) cylinder, hol- 
low witliin, shut at the 
bottom and open at the 
top. B is another cy- 
linder inverted upon 
it. C C are two ap- 
pendices or ears cut 
to the cylinder A A, 
as the truunions of a 
piece of ordnance. D 
D are two pieces of 
iron put upon the ap- 
pendices at one end, 
and the iron bar E E at the other. F F are two screws, 
which serve to press both the cylinders A A, B B, against 
one another. G is another hollow cylinder, made of 
glass, pewter, or some other materials, fitted to receive 
those things that are to be included in the cylinders A A, 
«nd B B, with water all round it. 

" To use this engine with convenience and ea«e, it ought 
to be fitted in a Rimace built on purpose for it, and should 
go on as far as the appendices C G i so the fire facing un- 
demeath, and the screws well fastened, and a piece of 
moistened paper Icud between the cylinders at the joint 
»■ i to make it steam tight, you may boil your meat as long 
as you please without danger of wasting it by the ex- 
halation of the volatile parts. 

" To know the quantity of the inward pressure, you mu^ 
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have a little pipe open at both ends as H H : this being 
soldered to a hole in the cover B B, is to be stopped at 
the top with a little valve P, exactly ground to it. This 
must be kept down with an iron rod I M, one end of 
which must be put into an iron staple M, fastened to 
the bar E E, and the other end kept down by a weight 
N to be hung upon it nearer or further from the valve 
according as you would keep it less or more strong, after 
the manner of an ordinary Roman balance, or steelyard. 

" To know the degree of heat, I hang a weight to a thread 
about 3 feet long, and I let fall a drop of water into a 
little cavity made for that purpose at the top of it, and I 
tell how many times the hanging weight will move to and 
fro before the drop of water is quite evaporated. 

" EarperimenU Having filled my pot with a piece of a 
breast of mutton, and weighed five ounces of coals, I 
lighted my fire, and by blowing gave such a heat that a 
drop of water would evaporate in 4 seconds, the inward 
pressure being about 10 times stronger than the atmo- 
sphere : I let the fire go out of itself, and then the mutton 
was very well done, the hones soft and the juice a strong 
jelly. So that, having had occasion to boil mutton sever- 
al times since, I have always observed the same rule, and 
never have missed to have it in the same condition, which 
I take to be best of all." 

Beef required 7 ounces of coal and the same heat, and 
the beef was very well boiled, although there were more 
parts of the bones not quite softened. Lamb, rabbits, 
and pigeons, mackerel, pike, and eel, were subjected to 
the same process; whence the doctor infers that the 
bones of young beasts require almost as much fire as 
those of old ones to be boiled, that rabbit bones are 
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harder than those of mutton, that tough old rabbits may 
be made as good as tender young ones by this means, 
that pigeons may be best boiled with a heat that evapo- 
rates a drop of water in 5 seconds, that mackerel was 
cooked with gooseberries in a digester, the fish being good 
and firm, and the bones so soft as not to be felt in eating ; 
and he particularly recommends, as an excellent dish 
cooked in this manner, cod fish and green peas. 

The most important of Papin's experiments are those 
on the extraction of gelatine from bones, as now done 
on a large scale in France and in this country, as also the 
manufacture of essence of meat, soups, &c., especially 
suitable for long sea voyages. 

" I took," says he, " beef bones that had never been 
boiled, but kept dry a long time, and of the hardest part 
of the leg ; these being put into a little glass pot with 
water, I included in the engine, together with another 
little glass pot full with bones and water too, but in this 
the bones were ribs and had been boiled already. Having 
prest the fire till the drop of water would dry away in three 
seconds, and ten pressures, I took oflP the fire ; and the vessels 
being cooled, I found very good jelly in both my pots ; 
but that which had been made out of ribs had a kind of 
a reddish colour, which I believe might proceed from the 
medullary part, the other jelly was without colour like 
hartshorn jelly ; and I may say, that having seasoned it 
with sugar and juice of lemon, I did eat it with as much 
pleasure, and found it as stomachica], as if it had been 
jelly of hartshorn." Mutton bones are better than beef 
bones ; and he infers (1.) that one pound of beef bones 
aflford about two lbs. of jelly ; (2.) that it is the cement 
(gelatine) that unites the parts of the bones, which is dis- 
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solved in the water to make it a jellj, since after that, the 
bones remain brittle ; (3.) that few glutinous parts are 
sufficient to congeal much water, "for I found that when the 
jelly was dried, I had very little glue [-ten ?] remaining ; 
(4.) I used it to glue a broken glass, which did since that 
time hold very well, and can be washed as well as if it had 
never been broken ; (5.) it is heavier than water, and sinks 
to the bottom ; (6.) hartshorn produces five times its 
weight of jelly. 

" From all these experiments, I think it very likely, that 
if people would be persuaded to lay bye bones, gristles, 
tendons, feet, and other parts of animals that are solid 
enough to be kept without salt, whereof people throw 
away more than would be necessary to supply all the ships 
that England hath at sea, the ships might always be fur- 
nished with better and cheaper victuals than they use to 
have. And I may say, that such victuals would take up 
less room too, because they have a great deal more nou- 
rishment in them in proportion to their weight. They 
would also be more wholesome than salt meat. Vege- 
tables, such as dried peas, may also be cooked by the steam 
of salt water with9ut becoming salV* 

We have entered thus fiilly upon the work of Doctor 
Denys Papin, and the properties of his digester for 
cooking, and extracting jellies by high-pressure steam, 
because it contains nearly all that is at present practised 
in the preparation of food by steam. 

If to what has been already stated, we add, that if the 
steam of salt water be collected in a vessel kept cold on 
the outside, the condensed water will not be impregnated 
with salt, and may be used as food, the importance of 
steam in the economical and menial capacity of cook, will 
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be BufGcientlj apparent. The supply of water to the crew 
of a steam vessel may be obtained in this manner, and an 
apparatus for thus procuring fresh water from the con- 
densation of steam from salt water, has been used with 
advant^e in ordinary ships. 

Fig. 29 contains the steam-cookiog apparatus used in 
modem kitchens ; a a is a portion of the kitchen fireplace. 
In one of the divisions of it, b, is placed a steam boiler, 
furnished with the usual apparatus of feeding pipes, gauge 
cocks, &c. From this boiler a steam pipe, c c, is led 
along the back of the cooking table d d, and at certain 
interrals, branch pipes, furnished each with a stopcock, 
project across the table at right angles to the mwn pipe. 

Fig. 29. 




The extremities of these branch pipes are conical, and 
made accurately to fit into conical sockets inserted into 
the cooking pans, one of which, e, is seen in its place on 
the table. These pans have each a double bottom, the 
lower one close, the upper one perforated ; between the 
bottoms the socket before mentioned, through which 
the steam enters, is inserted. The manner of using 
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thia apparatus is simple. The article to be cooked b 
laid in its place on the perforated bottom of the pan, 
the lid is applied, and the pan is joined to one or other of 
the branch pipes, by its socket receiving the conical end 

Fig 30 




of the pipe ; the stopcock is now turned, and the matter in 
the pan is subjected to the action of the steam. Each 
pan has a crane in front, to allow of the condensed steam 
being drawn ofF. 



The remaining part of the apparatus is the hot cloaet 
ff. This consists of a ateam-tight iron boi, containing 
shelves, inserted in another Iron box of dimeDsioiu so 
much greater as to allow of a considerable vacuity being 
between them ; into this vacnitj the steam from the boiler 
is permitted to flow, and ^Te out its heat to the article" 
placed in the closet to receive it. 

Fig. 30 contains a steam-apparatus for cooking the 
food of cattle and horses, designed bj Mr Newlands of 
Edinburgh, a o is a steam boiler, furnished with man- 
hole, safety-valve, gauge-cocks, supply pipe, and regula- 
ting float ; b, a water cistern, placed not less than six feet 
above the boiler ; c c, the steam pipe proceeding from the 
boiler, and extending along the front of the gauntree 
for supporting tlie casks or other vessels in which the food 
B held. These vessels are hung on pivots, between the 
uprights, (of which one is seen in the drawing,) in such 
a manner as to throw the centre of gravity a little below 
the points of support ; and each vessel has a false bottom 
pierced with many holes, and fixed a few inches above the 
true bottom. When the contents of a vessel are to be 
discharged, the superintendent lays hold of the handle, 
seen in the front, and, by a little force, turns the vessel 
round its axis, until its front lip rest on the front bar 
of the gauntree, which is placed so low as again to throw 
the centre of gravity of the vessel below the points of 
support ; the contents may then be emptied into a close 
barrow, or other suitable vessel, or into a trough extend- 
ing along the front of the gauntree. 

The manner of connecting tlie vessels with the steam- 
pipe remains to be noticed. From the main pipe c, 
branches are carried through the &ont bar of the framing 
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Opposite to the centre of every yessel, of which there may 
be many, although two only are represented. Fig. A ex- 
hibits a section of the main pipe, the branch pipe, and a 
part of the bottom of the vessel. The branch pipe d 
terminates in a conical socket, and into this the plug fixed 
on the vessel c is fitted. When the vessel is in a vertical 
position, the connexion between it and the boiler is com- 
plete ; but when, in being emptied, the vessel is overturned) 
^he plug is withdrawn firom the socket, and the communi- 
cation cut off. When the vessel is again restored to its 
vertical position, the parts again fit each other without 
trouble or care on the part of the attendant. The branch 
pipe is moreover furnished with a stop- cock, the handle of 
which is wrought by a rod from either an eccentric or 
a crank fixed to one of the pivots of the vessel. When 
the vessel is overturned and the plug withdrawn, the 
eccentric shuts the stopcock, and prevents the steam from 
escaping, re-opening it when the vessel regains its ver-. 
tical position. 



STEAM NAVIGATION. 



None of the diversiGed and important application! of 
the steam-engine seema to be more carious or yaloable 
than the navigation of ships agunst opposing winds and 
currents — and in none of its applications does the steam- 
engine seem destined to occupy a position so imposing, 
as when en^ged in effecting a safei rapid, and certain 
communication between provinces, nations, and conti- 
nents. 

We are placed in that interesting epoch of time, when 
steam-narigatioD is becoming an element, in the destiny of 
the hnman race, more important than any art or invention 
of which we possess the records, if we except, it may be, 
the art of printing. The whole surface of our globe is 
now being rapidly encircled by a network of lines of com- 
munication by steam. The widest ocean forms no longer 
a gulf of severance between the divided races of the hu- 
man family, bnl the waves alike of the Atlantic and Pa- 
cific bear along unharmed on their heaving billows, those 
tmtty and indefatigable messengers of peace, amity, and 
civilization. Ere a few more years pass over our headf, 
there will scarce remain a speck of eatth tenanted by our 
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fellow-men, which will not have been linked to the great 
centres of civilization by a steam communication. Al- 
ready have those great moral, as well as physical deserts 
of Africa been explored by steam ; already has the steam- 
ship threaded the mazes of the Pacific, laid open the 
wilds of New Holland, wound along the fertile valleys of 
Hindostan, and broken the silence of the vast solitudes 
around the Huron and the Erie ; and scarce a lake that 
gems the summits of the Alps, whose deep blue basin is 
not whitened by the foaming paddle and the crested 
prow. Diligent, faithful, untiring servants of the hu- 
man race, steam ships are now disseminating to every 
clime the natural productions, the manufactures, the lux- 
uries, the arts, the civilization, the literature, the science, 
and the religion of the most favoured parts of the earth. 
Nations comparatively strangers, are now brought into 
intimate communication ; people formerly enemies, are 
daily becoming reconciled, and reciprocating those kindly 
feelings which the consciousness of mutual wants and 
the interchange of mutual benefits are sure to engender 
and mature; thus national prejudices and antipathies are 
rapidly wearing away ; and those who watch with care 
the progress of the human race, and extend their philo- 
sophic regards beyond the sphere of ordinary observa- 
tion, see plainly in the rapid and wide extension of steam 
navigation, a mighty power at work for the reunion in 
the bonds of eternal friendship of all the severed branches 
of the human family, and for the universal reign of order 
and liberty, peace and concord, science and religion. 

To Great Britain, the art of steam navigation has been 
of peculiar importance. Her insular position and in- 
dented coasts, have demanded of her the sedulous culti- 
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vatioQ of a vehicle so well adapted to mercantile com- 
monication. Her miaeral wealth, and her mechanical 
resourceg, hare peculiarly fitted her for its adoption, ex- 
tension, and improvement. And the existence of our 
immense and valuable and wide spread colonial empire, is 
now inducing the government of Great Britain to draw 
more closely aronad her those children of her toil, those 
feeders of her wealth, those consumers of her industry, 
by the most gigantic system of colonial steam communi- 
cation which has ever been conceived, and which is, in 
part, already executed, and is now in rapid extension. 
And, lastly, if it be possible that enlightened and civi- 
lized nations can be supposed capable of ever again per- 
petrating the atrocities of mutual war, steam navigation 
will become to Great Britain the most valuable of her 
defences, and one la which she will possess that unques- 
tioned supremacy which she has always wielded in the 
cause of order, liberty, and peace. 

It is astonishing with what rapidity the extension of 
steam navigation has taken place in this country. As a 
practical art, it la hardly a quarter of a century since navi- 
gation by steam was introduced. The following state- 
ment by her Majesty's Commissioners on steam naviga- 
tion, will show the amount of capital and enterprize 
already directed into this new channel : — 

The total number of British and Irish steam-vessels, 
including those registered in Guernsey, Jersey, and 
Man, amounts to 766 ; of these 484< may be considered 
as river steamers, and small coasters ; and 282 as lai^e 
coasters, and sea-going ships. 

The increase in 1837 over 1836, was 78; and that of 
1838 over 1837, 59 registered vessels. 
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Since this atatement waa published, and irbile this ar> 
tide ia puling; ttiroug;h the press, there are heing pre- 
pared for aea, beaidea the usaal additions to the same 
nary of resaela of a amaller clasa, a fleet of 20 ocean 
■teamerg, of from 1200 to 1400 tona, and 400 to 500 
horu power — the property of British merchants re- 
eeiring eocauragemeat from onr gOTemment. The 
unoant of capital thtn afloat in steun ships, is from^ve 
to sit! milliont. 

The steam commnni cation of America has made atridea 
eq^nally gigantic, in a direction different from that of 
Great Britain, but equally accordant with her political 
circtimstauces and geographical position. To a young 
nation, occupying an immense tract of country, and of 
' course, without the amount of accumulations Deceasary 
to connect places both distant and comparatively nnpo- 
pnlons, the formation of the neceiaary roads or railways 
was next to hopeless. Nature had provided a way at 
once smoother than the most perfect railway, and having 
the power of immediately renewing the smoothness and 
perfection of its own surface, however deeply furrowed 
by the track of a moving body. It only remained for 
art to provide a vehicle and power capable of eliciting 
from those noble rivers the services to which they are 
adapted : American energy and enterprize have not been 
slow to turn those liquid highways into lines of the most 
aatonishing and rapid intercourse which is to be found 
in the whole world. We frankly admit, that the river 
st«amers of America stand in every respect in science, in 
beauty, in magnitude, in speed, unparalleled by the river 
steamers of our own or any other country. By a late 
return from the Secretary of the Treasury of the United 
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States, it appears that the whole Dumber of steam boats 
ascertained and estimated to be in America in 1838, is 
from 700 to 800. " On the western and south-western 
waters alone, near 400 vessels are supposed to be run- 
ning, where none were used till 1811 ; and where in 1834, 
the number was computed to be 234. On the Ohio 
river alone, in 1837, 413 different steam boats are re- 
ported to have passed through the Louisville and Portland 
Canal. As an illustration of the rapid increase of business 
in steam boats on the Ohio, the number of their passages 
throughout the Louisville Canal was, in 1831, 406 pas- 
sages, and 1501 passages in 1837, being nearly fourfold in 
6 years." The same document also contains the following 
avowal : It is a matter of surprise, that so few of these 
are sea«going vessels, considering that the first steam 
boat which ever crossed the Atlantic, was built in New 
York as long ago as 1819. The << Savannah went from 
Savannah to Liverpool in twenty-six days. The Robert 
Fulton, in 1822, made several trips to New Orleans and 
Havannah. The government of the United States never 
owned but two vessels of war — both called < the Fulton,' 
the first was lost by accident, in 1829 ; and the second 
was built in 1838.'' It appears, therefore, that the people 
of America, and those of Great Britain, have each at- 
tained the superiority in those branches of steam navi- 
gation for which they possessed the greatest national 
facility, and to which they were urged by the strongest 
necessity. 

The object of this short article on so important and ex- 
tensive a subject, is necessarily limited. We design to give, 
in the jftrst place y an account of the- manner in which the 
practical art of steam navigation came to be introduced 
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in Great Britain, and gradually matured and extended 
in America and at home. And, in the second place, to 
present an accurate representation, in outline, of the 
present condition of steam navigation. The diflBculty of 
presenting an accurate history of steam navigation is 
great, owing chiefly to the doubts and disputes of con- 
tending parties for the honour of the invention. We have 
endeavoured to avoid these, by limiting our enquiries to 
the history of some of those efforts by which steam navi- 
gation was actually and immediately introduced into this 
country and into America, omitting or passing slightly 
over those many ingenious devices, which from time to 
time have served to demonstrate the ingenuity of indi- 
viduals, or to illustrate the fertility of human invention, 
rather than to achieve any permanent influence on the 
welfare of mankind. In the latter part of the work, we 
have endeavoured to give an accurate view of the present 
state of steam navigation as the most improved practice 
has presented it to us, without entering into the multi* 
farious practical details, which would not only have un- 
fitted it for the general reader, but would also, from the 
transition state through which the art continues to march 
with rapid pace, be very soon rendered inapplicable by 
the continual introduction of novelty and improvement. 



CHAPTER I. 

Invention of Steam Navigation. 

We regret that the limits and nature of this work do 
not permit us to enter largely into the detail of the inter- 
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esting labours of all the ingenious men who have trovH 
time to time displayed great skill in combinations of me- 
chanism, connected in various degrees of intimacy or 
remoteness with the subject of this notice. It is, how* 
ever, quite necessary that we should limit our enquiries 
to the immediate discussion of this important historical 
question, Who are those men to whom society immedi- 
ately owes the benefit of Navigation by Steam, that 
mighty power now carrying so rapidly forward the civili- 
zation and prosperity of the human race ? To this alone we 
must confine our attention — who are the individuals with- 
out whose exertions we should have failed to be now en- 
joying the benefits we possess, and to whom the gratitude 
of ourselves and our posterity is to be heartily awarded ? In 
this limited but more correct view of the subject, we shall 
no doubt be compelled to omit an interesting chapter of 
invention — the invention not of steam navigation itself, 
but of things concerning steam navigation. We shall 
have thus to omit the extended notices we might have 
introduced concerning the contrivances of the Ancient 
Egyptians, who used cattle moving round in a gin placed 
in a boat, to turn paddle wheels like those of the com- 
mon steam boat, and so constructed ships propelled by 
four and six oxen power. Thus also we have to pass 
lightly over the interesting account which has been given 
of a similar employment of paddle boats by the Romans 
during the time of the Commonwealth to transport sol- 
diers to Sicily, and an experiment of Prince Rupert, 
whose wheel boat beat the king's barge with sixteen 
oars, and Savary's Navigation Improved, in which it is 
proposed to propel vessels in calms by working the capstan 
ppnnected with paddle wheels on the vessel's sides, as 
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well as Bashners roYolving oars, atid the horse tow-vessel 
employed to take out ships from Chatham in adverse 
wiDdSy as &r back as 1 682. Besides all of which, there 
are the galleys of Valtarius and the Libamse mentioned 
by Pancirollns in his " Eistory of many Memorable 
Things lost whicb were in use among the Antients," 
where he says, << I have seen representations of some 
ships called Libumss, which had three wheels on both 
sides without, touching the water, each consisting of eight 
boards jutting out from the wheels about an hand's- 
breadth, and turned by six oxen within, which by turning 
on a gin stirred the wheels, whose fellies driving the 
water backward, moved the Libumss with such a force, 
that no trireme galley was able to match them." And 
besides these, we might have derived some entertain- 
ment from examining the mechanism of the pastor of 
Berne, who piously regarded the works of natare as 
the fittest patterns of art, and has been proposed as 
a candidate for the honour of inventing the art of steam 
navigation, because at an early period he had pro- 
posed to suspend to either side of It ship two gigantic 
duck's feet to be propelled by a steam-engine, and by 
opening and shutting like huge umbrellas on each side of 
the hull to propel the vessel through the water — a project 
again revived by another candidate for the honour, the 
late indefatigable Stanhope. And to these we might 
have added the piston and rack of Papin ; or, had time 
still further served, we might have followed, through its 
multifarious phases, the scheme for propelling by reac- 
tion, and first of these, the experiment of propulsion by 
firing a huge cannon backwards from the stern of the 
vessel^ whereby it was asceii;ai|ied that thirty barrels pf 
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gunpowder forwarded the boat ten miles in twenty-four 
hours ; a plan improved by Dr Allan in his proposition 
to form a tunnel or pipe open at the stern, or hinder part 
of the vessel, and by means of a pump driven by a steam- 
engine to force water or air through it into the sea, so 
that by the reaction this would occasion the ship to be driven 
forward, " thereby imitating very accurately what the Au- 
thor of Nature has shown us in the swimming of fishes, 
who proceed by protrusion with their tails," — or indeed 
the thousand-and-one inventions of each and all of those, 
and similar schemes, produced and reproduced over and 
over again. But these and all such schemes, alternate- 
ly ingenious or preposterous, plausible or absurd, we 
are compelled to pass over, and to bring our readers 
at once to the invention of steam navigation as it now 
exists. 

It has been very usual to attribute the invention of the 
modem art of steam navigation to Patrick Miller, Esq. of 
Dalswinton, in Dumfries-shire, in Scotland. Two com- 
petitors have contested his claim. We shall soon see 
that to no one of the three can the palm be awarded. 
The creation of the steam-ship appears to have been an 
achievement too gigantic for any single man. It was 
produced by one of those happy combinations in which 
individuals are but tools working out each his part in a 
great system, of the whole of which no single one may 
have comprehended all the workings* The individuals 
who have contested the title of inventors of steam navi- 
gation, are Patrick Miller, James Taylor, William 
Symington. 

After long and patient examination into the claims of 
these parties — after having gone over the papers, pub^ 
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lished and unpublished, of the parties advocating the 
claims of each candidate — after having examined all the 
individuals whose personal testimony to the facts of the 
case we have been able to obtain — after weighing the 
circumstances in which the evidence has been obtained and 
the testimony given, we have to present to our readers, 
as the result of the whole, this conclusion, that the art of 
steam navigation was the joint invention of these three, 
Patrick Miller, James Taylor, and William Symington ; 
that to their e£Ports the world owes its present advan- 
tages. 

The following history of this remarkable combination 
is that which, among much conflicting evidence, appears 
to contain such facts as are of undoubted authenticity : — 

Mr Miller was a man much addicted to mechanical 
pursuits. He followed out such experiments as he con- 
ceived likely to advance the public welfare, with energy 
and without much regard to expense. That species of gun, 
now universally known as the carronade, was his invention, 
and the result of a long and expensive course of experi- 
ments in artillery. At the time when the history of steam 
navigation commences, he had been engaged in attempts 
to improve naval architecture. For this purpose he com- 
menced by building ships of a much greater length pro- 
portionally to their breadth, than formerly in use. To 
render these long narrow vessels capable of carrying sail, 
they were to be united in pairs, to form what is called 
the twin-boat, and even in groups of three laid side by 
side, to form a triple boat, one of which he presented 
to the King of Sweden. Mr Miller was also engaged at 
the same time in a series of experiments on the efficiency 
of different methods of propelling vessels by other powers 
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than the force of wind. For this purpose he conceived 
a wheel, now commonly called a paddle wheel, to be the 
most efiPective, having the arms of the wheel immersed in 
the water, and flat boards placed on the spokes, at right 
angles to the direction of motion ; it was only necessary 
to apply the strength of men to the crank handle of the 
wheels, and turn them round in order to propel the ves- 
sel forward by means of the resistance of the water to the 
floats of the wheel. By this means Mr Miller proposed 
to propel vessels in calms, or off a lee shore.* 
^ In 1787 Mr Miller published an account of his naval 
experiments in a small volume which he printed at Edin- 
burgh, in the French and English languages, and illus- 
trated with plates and descriptions ; and copies of it were 
presented to every sovereign in Europe, to the American 
States, and the Royal Societies of London and Edinburgh, 
This work is the more interesting, on account of con- 
taining the first announcement of the great experiment 

* We do not find that Mr Miller any where claims absolute 
property in the invention of paddle wheels. We find the Roman 
soldiers were conveyed to Sicily in wheel boats, driven by oxen. 

It is also said that there exist some ancient paintings on Eotp- 
TiAN tombs which represent paddle boats propelled by oxen. 

With the use of wheel boats for purposes of war, it appears 
that the Chinese have long been well acquainted. In the '' Me« 
moires concernant Thistoire, les sciences, les arts, &c. des Chinois," 
by the Jesuit missionaries at Pe-Kin, there is, at page 343, the 
following passage : — " Fig. 94, pourroit donner lieu a quelque 
invention utile pour faire avancer nos vaisseaux en tems de calme." 
On turning to the figure, we find the following very respectable 
war junk «vith two paddle wheels on each side, and this description 
— " Barque a roues" — forty-two feet long, thirteen feet wide. 
The wheels are in a recess, a foot wide, enclosed by strong 
planks ; from the centre of the wheels there project oars, forming 
as it were teeth to the wheels, which project into the water to a 
foot in depth. The wheels are turned by men inside the boats. 
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on steam navigation. The following passages from the 
book itself will enable the reader to judge of Mr Miller's 
merit, and may perhaps serve to throw some light on the 
character of the man : — 

<< Inventions which have a tendency to promote the 
happiness or to increase the comforts of mankind in gene- 
ral, should, as soon as they have been brought to any kind 
of maturity, and can be described with tolerable precision, 
be communicated to the world at large. Impressed with 
this sentiment, I have caused to be engraved a plan and 
views of a triple vessel, constructed on a new principle, 
and also a plan and view of a wheel to give her motion 
through the water. 

<< The years I have applied myself to this subject, and 
the many experiments I have made with vessels which I 
caused to be built for the sole purpose of improving na- 
val architecture, have given rise to the invention which I 
now communicate. 

" The first and principal property of vessels con- 
structed upon the plan here communicated, is derived 
from the wheels, the mechanism of which is simple and 
obvious. To work them^ seamanship is not requisite ; for 

Tigers' heads are represented on moveable pannels, covered with 
brass, five feet high, and two feet wide, for the purpose of cover- 
ing the soldiers in the boat from the enemy; and they are removed 
when it is intended to leave the vessel." 

Wheel boats seem to have been one of Mr Savary*s favourite 
projects before he invented his steam-engine. Indeed, from the 
fifteenth to the end of the eighteenth century, they seem to have 
been taken up incessantly by one projector after another, as an 
excellent mode of propelling. 

In this country, horses were used for turning roxmd paddles, 
and propelling a boat, at the end of the seventeenth century ; and 
it is not long sinoe they were so used in America in common 
ferry-boats. 
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it can be performed even by the most ignorant, strength 
and agility in the men employed being all that is requi- 
site. From the experiments I have made in di£Perent 
vessels with the wheels wrought by cranks, as shown in 
the plan, it appears to me that ships, however great their 
burden, if there be no wind, and the water is smooth, may 
be made to pass through it at the rate of from three to 
four miles an hour. 

" When the movement of the wheel comes to be aided 
by mechanical powers so as to accelerate its revolution, 
the before-mentioned rate of a ship*s going through the 
water, will be in proportion to the power used. I have 
also reason to believe that the power of the steam- 
engine MAY BE APPLIED TO WORK THE WHEELS SO AS 

TO GIVE THEM A QUICKER MOTION, and Consequently to 
increase that of the ship. In the course of this summer I 
intend to make the experiment ; and the result, if favour- 
able, shall be communicated to the public." 

The reader will thus be able to ascertain, how far Mr 
Miller's experiments had prepared a suitable vessel and 
mechanical apparatus for the reception, and successful ap- 
plication, of the steam-engine. But we should do injustice 
to the second member of the illustrious triumvirate, did we 
delay any longer to introduce to our readers Mr Taylor. 
We shall probably a£Pord our readers a greater gratifica- 
tion by allowing Mr Taylor to introduce himself to them, 
^^ propria persona,** In the autumn of 1785, (says Mr 
Taylor, in a narrative drawn up by himself, the authen- 
ticity and genuineness of which appears to us beyond a 
doubt,) " I went to live in Mr Miller's family as tutor 
to his two youngest sons. I found him a gentleman of 
great patriotism, generosity, and philanthropy, and at 
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th« Bame time, of a very speculative tura of mind. In 
the summer of 1786 I attended him repeatedly in hig 
experiments (on paddle-wheel boat«) at Leith, which I 
then viewed as parties of pleasure and amusement. But 
in the spring' of 1787, a circamstance occorred which gave 
me « different opinion. Mr Miller had engaged in ■ 
sailing match with some gentlemen at Leith, against a 
customhouse boat, a wherry which was reckoned a first- 
rate sailer, A day was appointed, and I attended Mr 
Miller. His was a double vessel, sixty feet deck, pro- 
pelled by two wheels, tnmed by two men each. We left 
the harbour in the forenoon, and sailed about for some 
hours in the frith ; bat the day falling calm, the cus- 
tomhouse boat could make little way. We landed on 
Tnclcolm where we remained some hours waiting for a 
breeze to spring up. This accordingly happened in the 
afteruoon — a very fine breeze from the west, and fair for 
*^he harbour of Leith. The custonihouse boat was ma- 
naged by a Mr Weddel ; Mr Miller managed hia own, 
manned by four men at the wheels, and we started at the 
same time for a fair run to the harbour. Our vessel beat 
by a feiv minutes. Being then young and stout, I took 
my share of the labour of the wheels, which I found very 
severe exercise ; but it satistied me that a proper power 
only was wanting to produce much utility from the in- 
vention. I was now led to converse with Mr MiUer 
more frequently on the subject than formerly ; and 1 ob- 
served to him, that unless be could apply to themamore 
commanding power than that of men, I was afr^d the 
invention would be of little use. He answered, ' I am 
of the same opinion, and that power is just what I am in 
search of. 1 will explain my views — my object is to add 
mecbanical aid to the natural force of the wind ; to enable 
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vessels to avoid or extricate themselves from dangerous 
situations, when they cannot do it on their present con- 
struction ; and I wish also to give them powers of motion 
in time of calm. I am satisfied a capstan well manned 
can e£Pect this purpose in part ; but I want a power more 
extensively useful, which I have not as yet been able to 
attain. Now that you understand the subject, will you 
lend me the aid of your head, and see if you can suggest 
any plan to accomplish my purpose?* It became the daily 
subject of our conversation at leisure hours ; we talked 
of many plans, but none of them satisfactory, or prefer- 
able to the capstan. At last, after beating over the whole 
system of mechanics, I said, < Mr Miller, / can suggest no 
power equal to the steam-engine, or so applicable tot/our 
purpose.* He expressed some surprise, and said, < That 
is a powerful agent, I admit, but will not answer my 
purpose ; for when I wish chiefly to give aid, it cannot 
be used. In cases such as that disastrous event which 
happened lately, the wreck of a whole fleet on a lee shore 
on the coast of Spain, every fire on board must be extin- 
guished, and of course such an engine would be of no 
use.* We continued our conversations, and very fre- 
quently reverted to the steam-engine. In the mean time, 
every wreck recorded in the newspapers called forth the 
philanthropic feelings of Mr Miller, and excited a strong 
desire to accomplish his purpose of preventing the waste 
of human life and property. The more I thought of the 
business, the more I became satisfied of the propriety of 
applying the steam-engine ; and in various conversations, 
urged it as at least worthy of attention for inland naviga- 
tion, rivers, canals, &c., if not for the purposes of general 
navigation. 

" Mr Miller at last said, « Mr Taylor, you are right. 
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If we cannot accomplwh the whole, we may a part ; bat 
will y(>u show me how yon will connect the engine with 
my wheels, and I will think of it.' " 

This converaation touk place at Dalswinton in the 
gammer of 1787, and it was subsequent to this conversa- 
tion that Mr Miller wrote his treatise on ships, in which 
he first suggested the application of the power of steam to 
propelling ships by paddle wheels, a su|^estion which re- 
sulted from this conversation. 

In an agricuUnral county of Scotland, remote from the 
mechanical skill and industry of the capital, it was not 
possible to proceed further in the prosecution of their 
project than to strengthen each other's good resolations 
by frequent and earnest intercommunication. The ap- 
proach of winter brought with it the usual return of the 
Dalswinton party to the metropolis. It now became pos- 
sible to take active measures for carrying their schemes 
itito operation, and it was now for the first time tliat Mr 
Miller was introduced to the sagacious and accomplished 
mechanic, who will henceforth occupy a prominent place 
in this history, as the last member of our illustrious triad 
— the inTentors of steam navigation. 

William Symington was the schoolfellow and early 
companion of James Taylor. They were natives of Lead- 
hills, and were both educated at Closebum school, in 
Dumfrtes-shire, with the view of being sent to the Uni- 
versity ; and it seems probable that they were not only 
fellow- students at the same college, but that they occu- 
pied the same rooms. Symington had originally been de- 
signed for the Scottish church, but was led into a different 
profession by his love of mechanics, and he became a mi- 
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ning engineer. For the early appreciation of his merit 
he was indehted to Gilbert Meason, Esq. of Wanlockhead 
Lead Mines, and he appears to hav^e enjoyed through life 
the benefit of that gentleman's friendship and assistance. 
Mr Symington had at an early period directed his atten- 
tion to the improvement of the steam-engine; and his 
principal aim seems to have been, the construction of a 
compact and portable steam-engine adapted to the pro- 
duction of a continuous revolving motion. In this at- 
tempt he was perfectly successful— so much so indeed 
that he proposed implying his engine immediately to 
that object, and had actually constructed a working 
model of his steam carriage, at the very moment when 
the two projectors at Dalswinton were considering the 
feasibility of applying the same power to the paddle 
wheels of a ship. Thus almost simultaneously were pro- 
jected the first terrestrial locomotive engine, and the first 
aquatic steam-engine. 

It was during those conversations in which we left the 
two projectors so deeply engaged at Dalswinton, that Mr 
Taylor bethought himself of calling in to their assistance 
the mechanical skill and ingenuity of his old friend, 
Symington. Symington was then employed in his pro- 
fessional occupations at Wanlockhead Mines, and Taylor 
seems to have written him a full account of the plans 
they were concocting at Dalswinton, for there is in Mr 
Taylor's possession the following note from Symington 
to Taylor, bearing date August 20, 1787 : — " I must make 
some remarks upon your summer's inventions, which, if 
once made to perform what ^heir author gives them out 
for, will undoubtedly be one of the greatest wonders 
hitherto presented to the world, besides its being of con- 
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Biderable emolnment to the projector. Great sncceiB to 
yon, although OTertoTiiing my sdiemeB." No steps werei 
however, taken in the prosecution of the scheme uoti) there- 
turn of Messrs MillerandTaylor to Eidinbnrgh, in Decem- 
ber, when they proposed to inspect the machinery of Mr 
Symington's model steam carriage, for the purpose of 
considering its applicability to their purpose of taming 
round their paddle wheels. Mr Miller and Mr Taylor 
accordingly met Mr Symington in Edinburgh, immedi- 
ately on their retnmj at the house of Mr Meason, where 
the model of the locomotive engine was then deposited, 
and conversed with Mr Symington on the practicability 
of adapting a similar engine to that which turned his car- 
riage wheels, to the purpose of turning the paddle wheels 
of Mr Miller'slioat. In this very simple transposition of 
paddle wheels in the place of carriage wheels, Mr Sy- 
mingtOB appears to have seen no difficulty, nor was it 
likely that he should do so, for his locomotive engine ap- 
pears, on examination of its plan, to have required but 
little' change to adapt it to this application, and Mr 
Symington seems at once to have expressed his confidence 
in the applicability of hts portable steam-engine to the 
paddle wheels of Mr Miller's boat as proposed by Mr 
Taylor, and to have undertaken the necessary adaptations. 
The boiler of this engine was compact, and con- 
tained the fire wholly within it, and as the cylinders 
of the engine were already applied to turn round a wheel 
with a continuous motion, the most ordinary mechani- 
cal arrangement was enough for the application of it 
to the paddle wheel. The resolution to do so was at 
once adopted ; an engine on Mr Symington's plan was 
constructed under his superintendence, and that of Mr 
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Taylor; the cylinders and other castings were made 
by George Watt, a founder at the back of Shakspeare 
Square, in Edinburgh, in the summer of 1788, and 
were sent off to Dalswinton, where they were put toge- 
ther by the two young men, and in October the task was 
accomplished; the engine, in a strong oak frame, was 
placed in the pleasure boat, the boiler being parallel to 
it on the opposite side of the vessel, and the paddles in 
the centre of the boat. The machine was first put in 
motion on the lake at Dalswinton, in the middle of Oc- 
tober 1788, and a << more complete, successful, and 
beautiful experiment, was never made by any man at any 
time, either in art or science. The vessel moved de* 
lightfully, and notwithstanding the smallness of the cy- 
linders, (four inches in diameter,) went at the rate of five 
miles an hour." Here the vessel continued to ply for 
some days for the amusement of the projector, and to 
the astonishment of the country people, who assembled 
from all quarters to witness the wonders of " a boat dri- 
ven by reik," (smoke.) After having satisfied its pro- 
jectors, the engine was removed into the library of Dal- 
swinton house, where it stood for a long time as an orna- 
mental model. 

Thus, therefore, was completed, in the year I788, a 
perfectly satisfactory trial of that great modern invention 
— the system of propelling vessels by means of paddle 
wheels driven by a steam-engine. We believe that there 
has never since that time been constructed a model steam 
vessel on the same scale, that has attained a greater ve- 
locity. The combination of men was admirable ; the 
patriotic and wealthy experimentalist, the sagacious pro- 
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jector, the ingenious and experienced mechanic — Miller, 
Taylor, Symington. This happy union produced the 
modem Bteam-ghip, The man who knova how ex- 
tremely difficult a problem it is at the present day, with all 
our owD experience and knowledge added to that of thoie 
gone before ua, to produce a good steam ehip ; who knows 
how many are the points in which fatal errors may be 
committed, and failures result, will be able to appreciate 
the full measure of merit which conies to those meu, who, 
qt that early period, io the iufancy of constructive machi- 
nery, produced a steam-vessel which, on so small a scale, 
attained the velocity of five miles an hour. A full ac- 
eouDt of the experiment was published in the newspapers 
of ihe day. 

Wo shall by and by see that it is to this experiment, 
directly and immediately, that society owes all the bless- 
ings it derives from an art which has now attained a 
wonderful degree of perfection and a boundless sphere of 
naefulDcsa. It is from this experiment that all the others 
to which society has been wont to look hack with grati- 
tnde, have been primarily and immediately derived ; and 
it is to these meu that the everlasting gratitude of all na- 
tions, and most of all of the Ocean Queen, is to be in all 
truth and sincerity for ever rendered. Since that day 
many others have done much to carry forward the inven- 
tion, to perfect its details, and to extend its usefulness. 
To them be their meed of praise in due time cheerfully 
given. Theirs, too, was merit, this the brightest. But 
these labours are not yet ended. 

Satisfoctory as was the result of this first experiment, 
it did not falfil all the patriotic purposes of the three. 
A model ship even so large as this, might succeed and 
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Still leave it doubtful whether a larger scale might not 
impair the efficiency of the contrivance. It is indeed, 
only too often the dire experience of the enthusiastic in- 
ventor, that his pretty little model conceals those defects 
which on a- larger scale become fatal to his device. Mr 
Miller was well enough versed in experiments to know 
this, and determined to put the new system to the test of 
an expensive trial on the large scale. From this deter- 
mination, resulted the second steam boat. 

We have seen, that thejirst steam boat was constructed 
at Dais win ton, in 1788. The second steam boat was con- 
structed by the same three at Carron, in 1789. 

Before it was fairly agreed to undertake the new ex- 
periment, the winter season of (1788) was too near to , 
admit of much being accomplished, and further progress 
was postponed until the following summer. It was pro- 
posed to make the second experiment on the Forth and 
Clyde Canal. For this purpose, Mr Miller s large plea- 
sure boat which we h&ve already mentioned, as having 
been propelled by paddle wheels driven by men, in the 
race in which the sailing vessel was beaten by it, this very 
boat, also a twin boat was sent up from Leith to the 
Forth and Clyde Canal at Grangemouth, on the Frith of 
Forth, to receive the new steam engine to be provided 
for it— rthis large vessel being 60 feet long, was to be 
propelled by engines of much greater power, and cylin- 
ders of 18 inches diameter were proposed for the engines. 
It may be imagined by some one, that defects had been 
discovered in the mechanism of the first steam boat, so as 
to render a second experiment necessary in which these 
deficiencies might be supplied, and former errors cor- 
rected. It is very important to prove that this was in 
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no reepnct tnie — the details of the ateam- engine, and of 
its connexion with the wheels and the congtrnction of the 
boiler from which the modern marine boiler carrying the 
fire within it wholljr anrronnded by water — all these re- 
quired no change whatever — tbe second steam boat was 
in all respects a larger machine than the first, but identi- 
cal in constraction, being an engine of about twelve horse 
power — whereas the first had been only about one horse 
power. So soon as the winter session had passed away, 
and Mr Taylor's duties as college tutor to the sons of 
Mr Miller being finished for the season, allowed him to 
leave EkJinbnrgh, he was dispati;hed along with Mr Sy* 
mington to Carron Iron Works, at that time the most 
celebiated fonndery and workshop in Scotland, to begin 
the new undertaking. The date of commencing the se- 
cond steam boat is fixed by the following letter, of which 
the original is in the possession of Mr Miller's eldest son. 

« Dunfirmline, 6th June 1789. 
<t Gentlemen, 
■' The bearer Mr William Symington is employed by 
me to erect a steam-engine for a double vessel; which 
he proposes to have made at Carron. I have therefore 
to beg that you will order the engine to be made accord* 
ing to his directions. As it is of importance that the ex- 
periment shonld be made soon, I beg also that yon will 
assist him, by yoor orders to the proper workmen, in 
having it done expeditiously. I am ever, with great re- 
gard, gentlemen, yonr most obedient linmble servant, 

" Patrick Miller. 
" To the Carron Companj, Carron," 
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The engine was accordingly set about immediatelyi 
and within six months was fitted up on board the vessel 
at lock No. 16. on the Forth and Clyde Canal, where 
there is a level reach about four miles long. The first 
trial was made in the presence ^of Mr Adam of Blair 
Adam, Mr Balfour of Pilrig, Mr Ambrose Tibbets, Mr 
Stainton, and a multitude of spectators. It turned 
out, however, that the boards of the paddle wheels were 
insufficient for the concussions to which the great power 
of the engine subjected them, and being broken o£P, ren* 
dered the experiment incomplete. They were, however, 
repaired, and on the 26th day of December 1789, the ex- 
periment was repeated, and the vessel was propelled with 
perfect siiccess at the rate of nearly seven miles an houVf 
being about as great a velocity as it has been found poS' 
sibie to obtain by steam boats on canals, even at thepre* 
sent day. Next day the vessel repeated her voyage with 
the same success, having performed her trips so satisfac- 
torily, that nothing further remained to be done. After 
this signal success nothing further remained to be ac- 
complished in the way of experiment ; the vessel being 
a slight skifi^, with plank of less than an inch thick, and 
incapable of permanent use in this way, as soon as the 
experiments were over, was replaced in her original 
station as a pleasure boat at Bo'ness haven, the property 
of Mr Miller, and the engine deposited at Carron Works. 
An account of this experiment, drawn up by Lord Col- 
len, was afterwards published in the Caledonian Mer* 
curyy Courant, and Advertiser, Edinburgh newspapers— 
it is as follows : — 

" It is with great pleasure I inform you, that the ex- 
periment which, some time ago, was made upon the 
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Great Canal here by Mr Miller of Dalswinton, for ascer- 
taining the powers of the steam-engine when applied to 
sailing, has lately been repeated with great success. Al- 
though these experiments have been conducted under a 
variety of disadvantages, as having been made with a 
vessel built formerly for a di£Perent purpose, yet the ve* 
locity acquired was no less than from six and a half to 
seven miles an hour. 

" This sufficiently shows, that with vessels properly 
constructed, a velocity of eight or nine, or even ten miles 
an hour, may be easily accomplished, and the advantages 
of so great a velocity in rivers, straits, &c., and in cases 
of emergency, will be sufficiently evident, as there can 
be few winds, tides, or currents which can easily impede 
or resist it, and it will be evident, that even with slower 
motion, the utmost advantage must result to inland navi- 
gation." 

We have now brought the invention of steam naviga- 
tion to a successful consummation in the hands of Miller, 
Symington, and Taylor. It only remains to show how the 
successful experiment was matured into a practical art — 
how the high velocity thus early attained was afterwards 
rendered the vehicle of benefit to mankind by forming 
an element in the intercourse of civilized communities. 

If we consider the slow progress by which arts gene- 
rally have attained the rank of social importance to which 
they have been destined to arrive, it will appear not a 
little marvellous, perhaps, that sixty years from this first 
experiment should have been enough to raise steam na- 
vigation to its present importance. Yet it has been ask- 
ed, on the other hand ; " if these experiments were at that 
time so perfectly successful, why did not these three, the 
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inventors of the art, at once introduce it into practical 
use, as the means of inland transport, and derive from it 
the mercantile benefit due to the inventors of a new 
mode of commercial intercourse ?*' That man who is ex- 
perimentally acquainted with the difficulties, anxiety, and 
disappointment, which in past times have generally at- 
tended the introduction of any new invention, will readi- 
ly see that there remains very little to be accounted for 
in the circumstance that these gentlemen did not throw 
themselves into the sea of troubles which now presented 
itself to them if they should cease to be contented with 
having shown the world the means of doing that which 
the wants of society should one day require. Why should 
Mr Miller, a patriot, it is true, but a man now advanced 
in life, retired from business to the otium cum dtgnitate 
of his country seat, to the pursuit of agricultural recrea- 
tions, and the education of his family, why should he 
spontaneously plunge into a war with the prejudices of 
the world, and the encumbrances of involved specula-* 
tion? And Mr Taylor — what could the poor family 
tutor do to accomplish that which his master, who had 
the wealth, had not the hardihood to encounter ? Apd Mr 
Symington, whose profession it was to apply the steam- 
engine, who was poor and isolated, and without the as« 
sistance of enlightened enterprise and large capital, what 
could he do more to produce a revolution so gigantic ? 
Mr Miller felt that he had done all that his duty to man- 
kind required when he put them in possession, by publi- 
cation, of what he had done. Finding also, that in the 
experiments he had already made on various subjects for 
the public welfare, he had expended above L.30,000, 
which other men might have thought it their duty to be- 
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queath to their family ; and having, in his last steam- 
boat, been brought into expenses much greater than he 
had ever anticipated ; he felt it to be his dnt^) after 
having advertised the public of the success of his at- 
tempts, to leave that public fully at liberty to avail itself 
of all that had already been accomplished whenever it 
should think proper to do so. 

CHAPTER II. 

On the Practical Introduction of Steam Navigation into 

Mercantile Use, 

From the invention of the modern steam boat, by 
Miller, Symington, and Taylor, we now pass on to trace 
the steps by which steam navigation was introduced as 
the vehicle of commercial intercourse, and gradually be- 
came matured into an important practical art. 

We shall see, that the beautiful and successful experi- 
ments of Dalswinton already recited, form the source 
from which directly, and without any intermixture what- 
ever, the civilized nations of the world have derived the 
blessings of steam navigation. We have seen, that in 
the hands of those three men all difficulties had disap- 
peared, and that with a very moderate size of boat and 
engine, a velocity of 6 to 7 miles an hour had been prac- 
tically obtained so early as the year 1789. 

After these experiments had been brought to a suc- 
cessful termination, it became necessary for Mr Syming- 
ton to return to the fulfilment of his ordinary duties, as 
engineer of the Wanlockhead Mining Company. These 
duties he continued assiduously to perform for a period 
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of ten years, when he was once more diverted from the 
field of private industry into that of public enterprize, by 
an intelligent and spirited nobleman, the late Thomas 
Lord Dundas of Kerse, an extensive proprietor in the 
Forth and Clyde Canal. His lordship was desirous to 
avail himself of this new locomotive power, for the par- 
pose of forwarding the interests of the proprietors of 
that excellent system of inland navigation ; and applied 
to Mr Symington to construct a steam-vessel for the 
purpose of superseding the use of horses in towing ves- 
sels along the canal. A steam-vessel was accordingly 
built by Mr Symington, and completed in 1802. The 
following is Mr Symington's narrative of the experiment, 
which we have seen confirmed in all particulars by the 
testimony of an eye-witness. <* Having previously made 
various experiments, in March 1802, at Lock No. 20, 
Lord Dundas, the great patron and steam boat promoter, 
along with Archibald Speirs, Esq. of Elderslee, and 
several gentlemen of their acquaintance, being on board, 
the steam boat took in drag two loaded vessels, Active 
and Euphemia of Grangemouth, Gow and Elspine, mas- 
ters, each upwards of 70 tons burden, and with great ease 
carried them through the long reach of the Forth and 
Clyde Canal, to Port Dundas, a distance of 19| miles, in 
six hours, although the whole time it blew a very strong 
breeze right a-head of us ; so much so, that no other ves- 
sels could move to windward in the canal that day, but 
those we had in tow.'' 

The performance of this steam tug appears to be about 
as great as any since accomplished by the many boats 
which on the same canal have attempted the same duty. 
A foolish pr^udice, that the action of the paddle wheels 
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would injure the bania of the canal, aeemi then to have 
precH^cupied the mind* of the directors, and the plan wai 
aot adopted. We have here given an authentic drawing 
of this boat, and it is curious to observe the peculiarities 
of the paddle wheel at the stern, and of the steering ap- 
paratus in front, both claimed as invention! of a later 
date. The cylinder of the steam-engine was of 22 inches 
diameter, with a stroke of lour feet ; placed with its axil 
horixontal, and tomlng the wheel with a crank. When 
BDimpeded by having other boatt to draw after it, this 
ressel went steadilj' at the rate of six milea an boor. 




We hare now reached that point ofonr history, where 
the glory of having introduced steam navigation to the 
attention of the world, leaves its inventors, to irradiate the 
names of others who reaped the benefit of their labours. 
Of those men who hare occupied the largest space in the 
world's eye in connexion with the history of steam na- 
vigation, there stands out first and most prominent, the 
name of Fultoh. 

Robert Fulton, an Irishman by blood, and an Ameri- 
can by birtli, was born in 1765, in Little Britain, in the 
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State of Pennsylvania. His parents were humble and 
poor, and gave their son no more than the ordinary rudi- 
ments of English education at a coaatry school ; but his 
taste for mechanics and drawing developed itself in early 
life, and at the age of seventeen the self-taught artist was 
able to earn a livelihood by his pencil. At the age of 
twenty-one he had acquired the acquaintance of Franklin, 
and had accumulated a sufficient sum from the savings of 
his industry to purchase a farm for his mother, and un- 
dertake, in 1786, a journey to England, for the purpose 
at once of cultivating his art and pushing his fortune. In 
both of these he appears to have been tolerably success- 
ful. 

Some years after this, Mr Fulton appears to have been 
directing his attention to mechanical projects, for in 1794 
we find him taking out a patent for improvements in 
canals, and especially for a double-inclined plane forming 
a substitute for locks in the translation of vessels to dif- 
ferent levels on a canal. He now began to assume the 
title of civil engineer, under which title he brought out 
a treatise on Canal Navigation. 

About the year 1797, Mr Fulton migrated to Paris, 
where he resided for the seven following years in the 
house of his countryman, Joel Barlow. Here he endea- 
voured, by assiduous study^ to supply the deficiencies of 
his early education, and became the inventor and pro- 
prietor of panoramic exhibitions. But the principal 
subject that occupied his attention during this period 
of time, seems to have been a project of submarine 
warfare, submarine locomotion, and submarine ex- 
plosions. To this subject he appears to have devoted 
himself with all the energy, and we may say with all the 
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infataMlQii, of « moat BaDgniDe uliemeri In 1601 ire 
find him at tbe harboar of Brest making experimenta 
with hia rabmarine boat, which he called the Naatilas, 
attempting to blow np tbe English ghipg then blockading 
the Goaet of FraDce, with his submarine bombs or torpe- 
does. The only result of his labours, however, was this, 
that on one occasion he got very near an Eoglbb seventy- 
foar, which moved ont of the way jost before he had 
time to blow her up. 

Disappointed in France, Mr Ftdton opened a negotia- 
tion' with the British Government, to apply himself with 
equal ingenuity to the invention of machinery calculated 
to blow up his former allies the French ; but in this at- 
tempt he was equally unsuccessful. 

Mr Fulton was obviously one of those men who de- 
light in the exciting occupation of following ont new 
schemes and projects, and it is not a little curious that he 
■hoold have arrived in England just before the date of 
the trial of the Dalswinton and the Carron steam boats, 
so that his attention must have been very naturally at- 
tracted to so interesting a mechanical subject : that bis 
attention was so directed, is shown from sketches and 
memoranda on the subject, found among his papers. We 
also find him writing to Scotland to obtain information 
regarding Mr Miller's vessels. But it does not appear 
that the subject was seriously entertained by Mr Fulton 
until an ulterior period, at which we shall now resume 
the thread of our history of steam navigation. 

Mobile Mr Fulton was in Paris, be appears to have 
entered into conversation with Chancellor Livingstone 
at that time (1801) the representative of America at the 
coDit of France, concerning the importance of the new 
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application of steam power to tlie navigation of the lakes 
and rivers of their own country. It should be premised 
that Livingstone had himself been engaged about nine 
years after Miller s successful experiments, in an attempt 
to introduce steam navigation in America, in which he 
was conjoined with a person of the name of Nisbety and 
assisted by the mechanical talent of Mark I. Brnnel, the 
engineer, whose ingenuity has gained him so much repo* 
tation in other departments of mechanical combination ; 
bat the attempt had entirely failed, and did not produce 
a speed of three miles an hour, and the project was 
abandoned. Mr Livingstone, however, spoke to Mr 
Fulton of his intention to resume the subject on his re- 
turn to America, and desired him to co-operate with him 
in the enterprise, and to direct his talent for mechanical 
combination towards that object. Mr Fulton at once 
agreed to devote to the subject as much time as he could 
spare from his favourite schemes of submarine explosion. 
We have great pleasure in bearing testimony to the 
judgment with which Mr Fulton proceeded in commen- 
cing his career in steam navigation. Mrs Barlow, the 
lady of his friend already noticed, was ordered to Plom- 
bieres by her physicians, in the spring of 1802, and was 
accompanied by Mr Fulton, who forthwith employed his 
leisure in experiments on models, fur which the small 
stream that runs through that village a£Porded adequate 
facilities. He appears to have been satisfied that endless 
chains with floats attached to them, made to revolve by 
wheels on the surface of the water, were the best appara- 
tus, and therefore preferable to Mr Miller's paddle 
wheels. 

But Mr Fulton found that he had been anticipated in 
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this idea hf a Frenchman, named Dee Blanci, who had 
taken a patent for pmpelling' boats by what he called 
cfaaplets, which were exactly Fulton'a endleeB chains, and 
had alao made experiments with them at great expente, 
without commensurate I Dcceta. Mr Fulton waithng thrown 
back upon Mr Miller's original plan of propelling' by the 
steam-engine acting on paddle wheels. He accordingljr, 
in the winter of 1602-8, mado a small model, and wrote 
a description of a small steam boat with paddle wheels. 

About the same time, Mr Livingstone and Mr Fulton 
commenced the coustruction of an experimental steam- 
boat on a larger scale. It was launched in the spring of 
1803, on the Seine, below Paris, and the steam-engine 
and boilers were put on board. Mr Fulton had, howerer, 
.made the same mistake which many steam boat builders 
hare done at a much later date — he miscalculated the 
strength of his vessel, and when the weight of the ma- 
obinery was placed in the centre, she broke through the 
middle and went to the bottom. 

The shattered vessel was raised, and was found to be 
almost entirely broken up. flow admirable are the les- 
sons inculcated by a thoroogh failure I The American 
steam boats hare ever since been distinguished by the 
excellence of the strong and light framing by which tjieir 
slender vessels are enabled to bear the weight and strain 
of their large and powerful engines. 

This disaster compelled Mr Fulton to devise the means 
of so strengthening a vessel, as to carry with safely her 
engines and machinery. He was obliged to set about 
building an almost entirely new vessel to carry his ma- 
chinery, which suffered very little from the submersion, 
and at length, in August 1803, Mr Fulton made an ex- 



204 STEAM NAVIGATION. 

periment on his vessel. The vessel was sixty-six feet 
long and eight feet wide ; but she moved so slowly as to 
be altogether a failure. 

It was soon after this experiment with the steam ves- 
sel, that Mr Fulton came over to Britain for the purpose 
of engaging in the torpedo warfare, and turning those 
dreadful submarine engines against his allies in France. 
It will be readily conceived, that after having encountered 
so many difficulties in his own attempt at steam naviga- 
tion, he would not allow any opportunity to escape, of 
obtaining information regarding the progress which had 
been made in Scotland since his departure ; especially as the 
performance of his experimental vessel, notwithstanding 
his havin/^ employed Mr Miller's plan of propelling by 
wheels, had fallen so far short of the performance of 
both the first and second vessels constructed by Miller, 
Symington, and Taylor. Now, our readers will recollect 
that before the date of Mr Fulton's return to Britain, 
1803, Mr Symington had constructed a third steam-ves- 
sel, with which, even on the canal, he obtained the velo- 
city of six miles an hour. We may also add that the 
fame of Mr Symington's experiments had by this time 
attracted much attention throughout Great Britain, and 
he had already received an order from the Duke of 
Bridgewater to construct steam vessels on his plan for 
his canal. We accordingly find that Mr Fulton availed 
himself of his residence in Britain, to pay a visit to the 
scene of these successful experiments. It is clearly esta- 
blished that while Mr Symington was carrying on his 
experiments under Lord Dundas with his third steam 
vessel, and endeavouring to introduce steam as the towing 
power on canals, the following occurrence took place : — 
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Mr Fulton called upon Mr S]rmin|ftoii, and introducing 
himself, told him that being ahont to return to America, 
be bad beard of the steam boat experiment, and could 
not leave Great Britain withont first waiting on Mr 
Symington, in the hope of being allowed to see the l>oatt 
and to obtain such information about it as he (Mr Syming- 
ton) might be willing to communicate. Mr Pulton then 
mentioned, that, however adrantageons steam navigation 
might prove to Great Britain, it would certainly become 
much more so in America, on acconnt of the many exten- 
sive navigable rivers in tliat coantry, and as timber of the 
best quality, both for building the vessel and affording 
fuel to the engine, could be purchased there at small ex- 
pense, Mr Fulton expressed his opinion that it could 
hardly fail to become beneficial to trade in that part of 
the world. Mr Symington accordingly gave him all the 
information he desired, and pnt himself to considerable 
trouble for the purpose of affording him the best oppor- 
tunity of satisfying himself of the complete success of 
steam navigation at that time in Scotland. Our readers 
will not, we hope, be displeased to havean account of the 
trip from Mr Symington himself, an account corrobora- 
ted by the evidence of respectable witnesses. 

Mr Symington, after giving an account of Mr Fulton's 
introducing himself, and of a conversation between them, 
in which the latter proposed that they should participate 
in the advantages to be derived " from carrying the plan 
into North America," continues, " Mr Fulton having thus 
spoken,incompliancewitbbismosteBmestreqaest, I caused 
the engine fire to be lighted up, and in a short time there- 
after put the steam boat in motion, and carried him from 
Lock No. 16, where the boat then lay, four miles west the 
canal, and returned to the place of starting, in one hour and 
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twenty minates, to the great astonighment of Mr Fulton an 4 
several gentlemen who at our outset chanced to come on 
board. 

<< During the above trip Mr Fulton asked if I had any 
objections to his taking notes respecting the steam boat, 
to which question I said — ^none ; as I considered the 
more publicity that was given to any discovery intended 
for general good, so much the better; and having the 
privilege secured by letters-paten t, I was not afraid of 
his making any encroachment upon my right in the Bri- 
tish dominions, though in the United States, I was well 
aware I had no power of control. In consequence, he 
pulled out a memorandum-book, and after putting seve- 
ral pointed questions respecting the general construction 
and e£Pect of the machine, which I answered in a most 
explicit manner, he jotted down particularly every thing 
then described, with his own remarks upon the boaty 
while moving with him on board along the canal ; but he 
seems to have been altogether forgetful of this, as, not- 
withstanding his fair promises, I never heard any thing 
more of him till reading in a newspaper an account of his 
death." 

We may readily judge of Mr Fulton's astonishment 
when he saw that successfully accomplished in a remote 
comer of Scotland by a plain unpretending man, to which 
he had applied so much study and talent in vain. He had 
been propelled in a boat driven by paddles in a narrow 
and difficult canal, at a rate of more than six miles an 
hour, whereas in his own vessel he had not got a speed 
of three. He was not slow to avail himself of his newly 
acquired knowledge. He waited on the younger Mr Watt, 
of Bolton and Watt, at their establishment near Birming- 
ham, and, under a feigned name, made proposals to them 
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to assist him by the construction of a steam- en gioe suited 
to the porptMo of prope11in§r a Bt«am veBsel. The dis- 
gnbe of Fulton, for whatever purpose assumed, was soon 
found out ; Mr Watt did not, however, allow this " indi- 
rection" to interfere with the fulfilment of his bargain, and 
an engine to be calculated for the propulsion of a vessel at 
the desired speed, was accordingly put in hands for Messrs 
Livingstone and Fulton. 

Fulton having met with as little success in his plans of 
blowing up French frigates with English gunpowder, as 
he had formerly obtained in his attempts to blow np 
Bridsh frigates with French gunpowder, did not remain 
long in England. He retnrned with his friend Mr Li- 
vingstone to America, where the marine engine of Messrs 
Bolton and Watt was about to follow them. In the 
mean time, the success of Mr Symington's boat had given 
them confidence and instruction, and Mr Livingstone had 
written to America, and secured the monopoly of steam 
navigation to Fulton and himself in the State of New 
York, for their inventioH of stesm boats. 

It was in 1806 that Bolton and Watt's marine engine 
reached America. It was used to propel the boat on Mr 
Miller's plan, by the use uF paddle wlieels. The shell of 
the vessel was launched in the spring of 1807, from the 
bnilding yard of Charles Brown, on the East (Hudson) 
River. She was named the Clermont, (the name of Li- 
vingstone's reddence) and attained a speed of nearly y?tJe 
miles an hour. It is worthy of remark, in justice to the 
inventors of steam navigation, that the first vessel of 
Miller, Symington, and Taylor had a velocity of more 
than^re miles an hour in 178U, and their second, in 1789, 
went at a rate of nearly seven miles an hour, while Mr 
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Fulton, their imitator and follower, had himself been taken 
at a speed of above six miles an hour by Symington, in a 
narrow canal, several years prior to this date. The reader 
will easily understand that this performance on the part of 
the Clermont, even with the advantage of Mr Watt's ex- 
cellent engine, was snch as to fall far short of Mr Fulton's 
expectations. Such is the history of the introduction of 
steam navigation in Aiherica, in imitation of what had 
already been accomplished in Scotland. 

Although the invention of steam navigation was thus 
perfected in Scotland, and thence transplanted directly 
by Fulton to America, the mercantile success of the 
young art was much more immediate and rapid in the 
new soil than in the old country. In the old country 
overgrown with old habits and prejudices, the young 
plant was overtopped and choked up, so that its progress 
was slow and difficult, while in the new and unoccupied 
field of America, watered by her mighty navigable 
rivers, it was early fostered and brought to maturity, so 
as to supply at once a new medium of communication 
expressly suited to the singular position and character 

of that young country. 

It may not be uninteresting, and must certainly be in- 
structive to follow, for a short time, the young art of 
steam navigation, transplanted from Scotland to the new 
world, in its rapid progress towards maturity. We 
have seen Mr Fulton's first boat, the Clermont, launched 
and set in motion in the spring of 1807. The following 
account of the first experiments is given with much 
natvetS by the American biographer of Fulton : — << Mr 
Livingstone and Mr Fulton had invited many of their 
friends to witness the first trial. Nothing could exceed," 
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says he, '*the surprise and admiration of all who witnessed 
the experiment. The minds of the most incredalous 
were changed in a few minutes. Before the boat had 
made the progress of a quarter of a mile, the greatest 
unbeliever must have been converted. The man who 
while he looked on the expensive machine, thanked bis 
stars that he had more wisdom than to waste his money 
on such idle schemes, changed the expression of his fea- 
tures as the boat moved from the wharf, and gained her 
speed — his complacent smile gradually sti£Pened into an 
expression of wonder. The jeers of the ignorant, who 
had neither sense nor feeling enough to suppress their 
contemptuous ridicule and rude jokes, were silenced for 
a moment by a vulgar astonishment which deprived them 
of the power of utterance, till the triumph of genius ex- 
torted from the incredulous multitude which crowded the 
shores, shouts and acclamations of congratulation and 
applause." The boat had not been long under way when 
Fulton ordered her engine to be stopped. The paddle 
floats were too deeply immersed in the water, and he had 
them brought nearer to the centre, so as to lessen the 
diameter of the wheel, and take less hold of the water ; 
and when they were again put in motion, it was manifest 
that the alteration had increased the speed of the boat. 

Some time after this first experiment, it was announced 
in the newspapers of the day, that the Clermont steam 
boat, built by Messrs Livingtone and Fulton, with a view 
to the navigation of the Mississippi river from New Or- 
leans upwards, would depart from New York for Albany, 
in the afternoon ; Mr Fulton was himself a passenger on 
this voyage, and upon his return published an account of 

it as follows : 

s 
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** To the Editor of the American Citizen. 

** Sir, — I arrived this afternoon at foor o'clock in the 
steam boat from Albany. As the success of my experi- 
ment gives me great hopes that such boats may be ren- 
dered of g^eat importanee to my country, to prevent 
erroneous opinions, and give some satisfaction to the 
friends of useful improvements, you will have the good- 
ness to publish the following statement of facts : — 

<< I left New York on Monday at one o'clock, and ar- 
rived at Clermont, the seat of Chancellor Livingstone, at 
one o'clock on Tuesday — time twenty-four hours, dis- 
tance 1 10 miles. On Wednesday I left the Chancellor's 
at nine in the morning, and arrived at Albany at five in 
the afternoon — distance forty miles ; time eight hours. 
The run is 150 miles in thirty-two hours, equal to nearly 
five miles an hour, &c. 

" Robert Fulton." 

The Clermont performed the voyage back also without 
accident, at the same rate, being five miles an hour. And 
thereafter made several trips as a passage-boat during 
that season between New York and Albany ; but met 
with many accidents, especially arising from the imper- 
fections of her paddle wheels, which were of cast iron. 
The wheels also were hung without any support beyond 
the side of the vessel. And in addition to these difficul- 
ties the boat had to contend with the opposition of the 
traders and sailing vessels on the river, who were con- 
stantly endeavouring, by collision, to injure this new in- 
vader of vested rights. The vessel was laid up during 
the winter, and enlarged and strengthened ; and in the 
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spring of 1808 she again commenced plying as a passage- 
boat, and continued during the season. She was crowded 
with passengers. 

In consequence of the success of this vessel, Messrs 
Livingstone and Fulton built, soon after, two other ves- 
sels, named the Gar of Neptune and the Paragon, of 300 
and 350 tons respectively. 

Mr Fulton having risen to high estimation and exten- 
sive influence, died on the 24th day of February 1815. 

Although we have seen that Fulton was not in any 
respect or degree entitled to the honour of inventing 
steam navigation, yet it is to him that America owes a 
debt of gratitude for having, in conjunction with Mr 
Livingstone, so early and so successfully transferred to 
America, all the benefits arising from the invention and 
successful application in this country, of the power of 
steam to the paddle wheel boat, by Miller, Symington, 
and Taylor, and by one of these gentlemen directly 
placed for that purpose in the hands of Mr Fulton. Al- 
though, therefore, America, in common with the rest of 
the world, will look to this country as the source from 
which she derived this benefit, yet we heartily join with 
her in paying honour to the memory of Fulton, as a man 
of no ordinary enterprise, energy, and perseverance, 
whose exertions not only conferred the advantages of 
steam navigation pn the inland waters of America, at a 
very early period, but also materially contributed to the 
advancement of the great cause of steam navigation in 
that very country from which it had first emerged. 

We now return to our own country, in which the cause 
of steam navigation lingered. We have seen that Miller, 
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Symington, and Taylor had brought the art of steam na- 
Tigation to such perfection, that it only remained for the 
mercantile speculator to take it up as a commercial enter- 
prise. The speed of six to seven miles an hour, which 
they had obtained, was sufficient for the wants of com« 
merce ; and it must remain a subject of wonder that our 
countrymen were slow to avail themselves of this new 
machinery of translation, and had allowed two Americans 
to carry off the invention of their countrymen, and torn 
it to valuable account while the merchants of Britain 
slept. Thus much, perhaps, we may say for our country- 
men, that their ample and varied means of transport ren- 
dered steam navigation less necessary to them than to 
the Americans, who possessed no highways but their mag- 
nificent inland navigation, those watery ways on whose 
smooth surface no load, however ponderous, leaves any 
permanent furrow. 

Henry Bell of Helensburgh, on the river Clyde, 
was the first person in Great Britain who applied the inven- 
tion of the Dalswinton trio to mercantile use — Bell occu- 
pies the same place with reference to Britain in which Li- 
vingstone and Fulton stood to America. Neither party had 
any share whatever in the invention ; both were mere 
speculators, trying to turn the invention of others to 
profitable account. In one point, however. Bell has the 
advantage of Fulton ; Fulton's first boat utterly failed. 
Bell*s perfectly succeeded. The cause of this was plain : 
both were imitators of the Dalswinton mechanicians ; but 
Bell being better acquainted with the details of the Dal- 
swinton train of experiments, kept closer in his imitation 
to the original than Fulton, and was therefore more sac- 
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msiful. Bell's first steam boat, the Comet, placed on the 
Clyde, was at least equally successful witb Fulton's 
Mcond boat, the Clermont, on the Hndaon. 

Mr Henry Bell was for many years a house carpenter 
ia the city of Glasgow. He is described by those who 
knew him as a man of considerable shrewdness, possess- 
ing a rich vein of rulgar humour, and fond of what are 
called schemes ; that is, of speculations sufficiently remote 
in their nature from common objects of enterprise, to 
confer upon the plaaaible projector notoriety, if not 
wealth. In the year 1808 he became proprietor of an 
establishment somewhat of this description. Helens- 
bargb is a watering place on the river Clyde, opposite 
to Greenock, which nsed to furnish fashionable bathing 
quarters to the citizens of Glasgow ; and in the months 
of June, July, and August, Hclensbnrgh being crowded 
with visitors, it had occurred to a mind fertile in pro- 
jects, that an establishment of the nature of hotel or 
bath-house, would prove a good speculation. Of such an 
establisliment Henry Bell became proprietor in 1808. 

It was for the purpose of increasing the facilities of 
reaching these baths that Mr Bell firet constracted his 
Bteam-boats. There were in those days no conveyances 
on the rirer except certain fly-boats, being long jolly 
boat sort of things, capable of being pulled by fonr 
rowers, or of using sails when practicable. With these the 
voyage might sometimes be made in five to six hotirs; 
but oftener the time was longer and always uncertain. 
The Irtbont of rowing, too, was very severe, and miwill- 
ingly resorted to when it could, be at all dispensed with. 
Hence it was, that Bell was desirous to avail himself of 
the principle so frequently elaborated by modern projec- 
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tors of railways and other new modes of transport, that 
every increased facility of communication increases in a 
very high proportion the numher of those who travel. 
We accordingly find him contemplating a scheme of this 
sort soon after he had possession of the haths. He 
appears first of all to have attempted using paddles driven 
by hand, instead of oars, so as to propel the said passage 
or fiy-hoats between Glasgow and the baths at Helens- 
burgh, more rapidly than formerly, and with less force. 
In this project he was foiled, as all men will be who at- 
tempt to propel a boat by human strength, through any 
other mechanism than the oar, which, when well propor- 
tioned and properly applied, is the best of all known 
methods of giving out usefully the whole of a man's 
strength. He tried many different arrangements of 
paddle wheels for this purpose equally without success. 
At last he became convinced that steam power alone 
would effect his object, and being previously well ac- 
quainted with the experiments of Miller, Symington, and 
Taylor, and having also access to visit Symington's third 
boat on the Canal, and knowing the success Fulton had 
met with in applying the British invention to profitably 
use in America, Bell determined to try this power on the 
Clyde, and produced, as is generally known, the first 
trading steam vessel in Europe in the year 1812, the 
Comet of Clyde. 

The following is Mr Bell's own statement of the case, 
which was addressed by him to the Editor of the Cale* 
donian Mercury y and published in that paper in October 
1816 : — " Sir, I observed in your paper lately a para- 
graph respecting steam boats, in which the Americans 
claimed the right to the discovery which is become of so 
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mach utility to the public On this accooiit I propose 
to g^ve you a full statement of what I conceive to be the 
troth. Mr Miller of Dais win ton first wrote upon the 
method of moving or impelling vessels or rafts through 
water by paddles^ wrought by a capstan, or by the wind, 
in the manner of a windmill, which idea he afterwards 
gave to all the different Courts in Europe. It will be 
recollected by most people in this country, that the 
French proposed to erect rafts for conveying troops to 
invade this country by means of Mr Miller's windmill 
or capstan plan ; for it may be stated that this gentleman 
built two vessels at Leith, and put them in motion upon 
his new improvement, and even sent one of them to the 
King of Sweden^ as a present. After this he thought 
that an engine could be so constructed as to be applied to 
work his machinery for the moving of his paddles ; and 
accordingly he employed an engineer to put his plans in 
execution. But to give you a more correct account of 
the manner Mr Fulton, the American engineer, came to 
the knowledge of steam boats, that gentleman had occa- 
sion to write me about the plans of some machinery in 
this country, and begged the favour of me to call on Mr 
Miller of Dalswinton, and see how he had succeeded in 
his steam boat plan ; and if it answered the end, I was to 
send him a full drawing and description of it, along with 
my machinery. This led me to have a conversation with 
the late Mr Miller, and he gave me every information I 
could wish for at the time ; I told him where, in my opin- 
ion, he had erred, or was misled by his engineer ; and, at 
the same time, I told him that I intended to give Mr 
Fulton my opinion on steam boats : the friends of Mr 
Miller must have amongst their papers Mr Fulton's letter 
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to me, for I left it with Mr Miller. Two years thereafter 
I had a letter from Mr Fulton, letting me know that he 
had constructed a steam boat from the different drawings 
of machinery I had sent him out, which was likely to 
answer the end, but required some improvement on it. 
This letter I sent to Mr Miller, for his information, which 
must also be among his papers. This letter led me to 
think of the absurdity of writing my opinion to other 
countries, and not putting it in practice myself in my own 
country ; and, from these considerations, I was roused to 
set on foot a steam boat, for which I made a number of 
different models, before I was satisfied. When I was con- 
vinced that they would answer the end, I contracted with 
Messrs John Wood and Company, ship-builders in Port- 
Glasgow, to build me a steam vessel, according to my 
plans, forty feet keel, and ten feet six inches beam, which 
I fitted up with an engine and paddles, and called her 
the Cometf because she was built and finished the same 
year that a comet appeared in the north-west part of 
Scotland. This vessel is the first steam boat built in 
Europe that answered the end, and is at this present 
time upon the best and simplest method of any of them; 
for a person sitting in the cabin will hardly hear the en- 
gine at work." 

Mr BelFs Comet began to ply from Glasgow to 
Helensburgh in January 1812. She was capable of 
performing about five miles an hour. She continued 
during the whole summer to ply successfully as a passen- 
ger-boat, and, in consequence of her success, was soon 
followed by the long series of steam vessels for which the 
river Clyde has been so much distinguished. 

The details of this first European trading steam vessel 
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are next in interest, at least to a Briton, to the details of 
the first Bt«am vessel of 1789, as already given. It was, 
therefore, with ns a matter of curiosity to obtain its de- 
tails for onr readers. The original boiler of the Comet 
is now the author's property, and, haying been favoared 
with a drawing of the engine and vessel, he is now ena< 
bled to present the reader with a ftuthfol reproduction 
of her engines and machinery. 
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The Comet had obyionsly two paddle-wheels, or ra- 
ther two sets of radiating paddles on each side. They 
are described as having resembled very mach in their 
appearance foar malt shovels, radiating from a revolving 
axis to which they were all fixed. This was soon changed, 
Mr Bell being compelled to resort to Mr Miller's com- 
plete wheel, which has been in use ever since. This en- 
gine was put up by workmen under Mr Bell's superin- 
tendence, The engine is of the kind known as the bell- 
crank engine, on Mr Watt's principle. The boiler 
was every way inferior to the boilers used in the pre- 
vious three vessels of Miller, Taylor, and Symington, in 
as much as the fire was on the outside of the boiler, se- 
parated from the wood of the vessel only by the bricks 
in which it was set; while in their original boilers of 
1789 and 1790, the fire was, exactly as in all steam 
vessels of the present day, wholly within the boiler, and 
perfectly surrounded by water, so as to prevent danger 
from accident by fire or loss of heat. It will also be 
noticed that the boiler was on one side of the engine, the 
funnel being bent so as to bring it to the centre where 
it served the purpose of a mast to carry sail. It 
seems indeed to have been the anxious wish of the con- 
structors of the early steam boats to disguise the odious 
smoking funnel under the designation of a main-mast ; 
and some even went so far as to raise up a top-mast 
in the thick folds of the dense black smoke. It is 
now, however, admitted that a steamer is a steamer 
having paddles and smoke, and not a ship entitled to 
white sails and a smooth side ; and such is the force of 
habit, that even the picturesque is not awanting to the 
portrait of the diligent and faithful steamer toiling along 
its rapid path of active duty. 



JOHN THOMSOK — THE ELIZABETH. 219 

Th« Comet wsi a vesael of abont twenty-fire toni. 

The engine of the Comet exerted a force of about three 
horse power. 

The Comet was buUt by John Wood of Port Glasgow. 

Mr Bell had employed in hie experimentB on fly-boata 
an engineer called John Thomson, of Glasgow. Thorn- 
eon appears to have assisted Bell in planning hig first 
boat, and to hare felt himself ill treated by Bell in not 
being made a partner in that speculation. To arenge 
his wrong, he got Mr Wood to bnild a vessel fifty- one 
feet keel, twelve feet beam, and fire feet deep. The 
keel was laid in March 1812, and in March 1813 the 
Elisabeth, the second steamer on the Clyde was started, 
and Gontinned to ply snccessfully, eclipsing Henry Bell's 
Comet, and bringing mnch profit to her owner. This 
was probably the first remunerating steam vessel in the 
world. The tonnage of this ressel was abont thirty- 
three tons, and her power about ten horses. This 
very correct proportion of power to tonnage seems to 
have been the secret of his snccess. The following de- 
Bcripdon of this vessel by her owner, is an interesting 
and characteristic memorial of the early steam naviga- 
tion. " The Elizabeth was started for passengers on 
the 9th of March 1813, and has continued to mn from 
Glasgow to Greenock daily, leaving Glasgow in the 
morning, and returning the same evening. The passage, 
which is twenty-seven miles, has been made vrith » 
hundred passengers on board in something less than 
four hours, and in favourable tnrcnmitancM, in two hoi 
and three quarters. The EUiEabeth has sailed < 
one miles in one day, at an average of nine miUaii 
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<< The Elizabeth measures aloflt fiftjr-eight feet ; the 
best cabin is twenty-one feet long, eleven feet three at 
midships, and nine feet four inches aft, seated all round, 
and covered with handsome carpeting. A sofa, clothed 
with marone, is placed at one end of the cabin, and g^ves 
the whole a warm and cheerful appearance. There are 
twelve small windows, each finished with marone cur- 
tains, with tassels, fringes, and velvet cornices, orna- 
mented with gilt ornaments, having altogether a very 
rich e£Fect. Above the sofa there is a large mirror sus- 
pended, and at each side book-shelves are placed, con- 
taining a collection of the best authors, for the amuse- 
ment and edification of those who may avail themselves 
of them during the passage — other amusements are like- 
wise to be had on board* 

« The engine stands amidships, and requires a consi- 
derable space in length, and all the breadth of the vessel. 
The forecastle, which is rather small, is about eleven 
feet six, by nine feet six inches, not quite so comfortable 
as the after one, but well calculated for a cold day, and 
by no means disagreeable in a warm one : all the win- 
dows in both the cabins are made in such a way as to 
shift up and down like those of a coach, admitting a very 
free circulation of fresh air. From the height of the 
roofs of both cabins, which are about seven feet four 
inches, they wiU be extremely pleasant and healthful in 
the summer months for those who may favour the boat 
in parties of pleasure. 

« Already the public advantages of this mode of con- 
veyance have been generally acknowledged : indeed it 
may without exaggeration be said, that the intercourse, 
through the medium of the steam boats, between Glas- 
gow and Greenock, has, comparatively speaking, brought 
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these places ten or twelve miles nearer to each other. 
In most cases the passages are made in the same time as 
by the coaches; and they have been, in numerous in- 
stances, done with greater rapidity. In comparing the 
comfortableness of these conveyances, the preference 
will be given decidedly to the steam boat. Besides all 
this, a great saving, in point of expense, is produced; 
the fare in the best cabin being only four shillings, and 
in the inferior one two shillings and sixpence ; whereas 
the inside of a coach costs not less than twelve shillings, 
and the outside eight shillings." 

Such were the humble beginnings, not thirty years 
ago, of that art, which now embraces the entire globe in 
the meshes of its net- work of intercommunication. In 
the river Clyde itself, the progress of steam navigation 
is astonishing. Instead of the two little vessels of 
three and ten horse power, the waters of the Clyde are 
now navigated by frigates of 1400 to 2000 tons, pro- 
pelled by engines exerting the power of five to six hun- 
dred horses. The little wonderful cabin, << eleven feet 
wide, with handsome carpeting, and its single sofa, 
clothed with marone, and the curtains with tassels, fringes, 
and velvet cornices," the wonder of the day, is now re- 
placed by the noble saloon, eighty feet long, by thirty 
feet wide, profuse in all the luxuries of a noble mansion 
— the speed of seven miles is replaced by that of twelve 
to fifteen miles an hour ; the ships which cover the Clyde 
exceed a hundred, and the vessels built on its banks are 
now to be met in almost every civilized portion of the 
ocean world. The city of Glasgow, brought so much 
nearer by the <* low price of eight shillings to Greenock," 
is now at the distance of a single shilling, the passenger 
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he'mg taken now, in shorter time and greater comfort for 
one penny, the distance which formerly cost him a shil- 
ling; and the number of passengers annually availing 
themselves of such a conveyance, amounts to upwards 
of a million. What blessings, what advantages, what 
enjoyments, has this invention bestowed in so short a 
time on so great a pumber of our fellow men I How 
great are the blessings to society that still remain in the 
destiny of the human race to be derived from the intro- 
duction of ocean steam navigation ! 



CHAPTER III. 

Contending Claims to the Invention of Steam Navigation* 

It is not a little singular, that a nation which is the 
slowest to appreciate, and the most pitifully mean in re- 
warding inventive talent, should be notoriously clamor- 
ous about arrogating to itst'lf as national property, the 
very honours which it has rewarded, if at all, with a tardy 
and niggardly hand* Such a nation is our own. It sets 
up a claim, (fortunately a just one,) and glories, as well 
it may, in being the fatherland of the steam-engine; 
and yet allows the son of Watt to pass through life 
unnoticed, unrewarded, unacknowledged; and, in like 
manner, it is most anxious to establish its claim, 
(fortunately also a just one,) to ihe invention of steam 
navigation, while the widows and orphans of the men 
who have given it that honour for which it so eagerly 
pleads its right, are allowed to plead in vain, or to la- 
ment in silence the paltry meanness of that nation which 
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their parents made rich by ezpeDdin^ the prOTidon of 
their children. If it were posaiUe to erect, Bt the pre- 
sent day, a tribunal like that of Solomon, in which might 
be dedded the claims of nation! contending: for the ma- 
ternity vi Bteam navigation, -on the evidence which each 
could give of the true affection of a mother, certain it is 
that the decision would not be favourable to Great Bri- 
tain. Is it too late still to be just P Do our rulers pre- 
serve honours and emoluments only for the soldier and 
the political partisan p We confess we have little hope 
that they will correct the future from the past. 

The nations that have arged exclusive claims to the 
invention of steam navigation, are the British, the Ameri- 
cans, the Spanish, the French, and the Italians. The 
Spanish claim is undoubtedly the oldest of all, though 
not the least ambiguous, and although it assigns a date 
to the invention older than any of the other daimants, 
the pretension itself was only put forth at a recent date. 
The document is carious. 

Spain. In 1826, there was published by Thomas Gon- 
zalei, an ancient manuscript discovered among the state 
papers at Simancas, of which remarkable document the 
following is a literal translation. 

" Blasco de Garay, a naval captaini proposed to the 
Emperor Charles V., in 1543, a machine for propelling 
vessels and fleets without sails or oars, even in a calm. 
In spite of the difficulty and paradoiucal nature of this 
proposal, the Emperor ordered an experiment to be made 
at the port of Barcelona, which was carried into effect 
on the I7th day of June 1543. Garay did not wish en> 
tirely to reveal his discovery; neverlhelesa, it was mani- 
fest during the experiment, that it consisted uf a large 
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caldron of boiling water and of moving wheels on either 
side of the vessel. The experiment was made on a vessel 
of 200 tons, called the Trinity, carrying com from Colibre 
to Barcelona, commanded by Captain Pedro de Scarza. 
By order of Charles V., the following individnals assisted 
at the experiment, Don Henri de Tolado, the Governor, 
Don Pedro de Cardo, the Treasurer Ravage, the Vice- 
chancellor, and the Keeper of the Records. 

<< In the reports made to the Emperor and Prince, 
general approbation was given to this ingenious experi- 
ment, particularly on account of the promptitude and fa- 
cility with which the vessel was turned. The treasurer 
Ravage, who was opposed to the scheme, said that it 
would go two leagues in three hours, that the machine 
was too complex and expensive, and that there was dan- 
ger of bursting the caldron. The other commissioners 
declared, that the ship came round as rapidly as vessels 
propelled in the ordinary way, and made a league an 
hour at least. 

** When the trial was finished, Garay removed all the 
machinery with which he had furnished the vessel, the 
wood part only was laid up in the arsenals at Barcelona, 
and the rest he retained to himself. 

<< Notwithstanding the opposition of Ravage, Garay*s 
invention was approved of, and had not the expedition 
in which Charles V. was engaged interfered, he would 
undoubtedly have given it encouragement, and even in 
these circumstances, the author was rewarded by a step 
in promotion, and a sum of two hundred thousand mara- 
vedies, had all his expenditure defrayed from the trea- 
sury, and received several other honours." 

This is certainly a very extraordinary document. Both 
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its authenticity and its genuineness have been called in 
question. Without however doubting its title to impli- 
cit evidence, thus much is plain — that the invention was 
kept secret by the inventor, and that it died with him. 
Society owes him no gratitude who bequeathed her no 
benefit, and, it is manifest, that it is not in any degree to 
the ingenuity of that Spaniard, nor the liberality of the 
Spanish government, that we owe our present system of 
steam navigation. Had this document been published 
prior to the introduction of steam navigation, instead of 
making its first appearance in the second quarter of the 
19th century, it might, in that case, have performed the 
important office of suggesting the application of the force 
of boiling water to mechanical uses and to navigation. 

This Spanish document serves the very important pur- 
pose of enabling the historian at once to dispose of the 
several competing claims to the honour of having in- 
vented the art of steam navigation. If the first sugges- 
tion of steam navigation, in a printed document publicly 
sold in shops, is to be held as establishing a title to the 
honour of inventor, then, undoubtedly, Jonathan Hulls, 
who published his tract with drawings, and a full ex- 
position of his plans for steam navigation, at London in 
1736, price 6d., from which we are about to give ex- 
tracts, is the inventor, and England bears away the palm ; 
unless, indeed, as was once gravely argued with the au- 
thor by an American, the fact of his bearing the ckarae- 
teristic cognomen of Jonathan, is to be held as condasive 
proof of his having been a native of the New World* 
And if, on the other hand, it is the first attempt ia 
actual experiment without regard to ultimate usefulness^ 
which is to be held as the only legitimate ground of elidni^. 
then undoubtedly Captain Blasco de Garay is its aathoi^. 
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and Spain the country which has conferred upon the 
world that hoon hy which she herself has heen the least 
to benefit. But if neither of these grounds is to constitute 
the claim, and the final successful construction of a steam 
vessel on the same principle as the modern steam ship, 
serving as a pattern from which others have copied, and 
from which directly and immediately the actual trading 
steam ships of the country are derived, is to be the legiti- 
mate place, then most unquestionably on this, the only 
fair ground of claim to the gratitude of the civilized 
world, Miller, Symington and Taylor are the three equal 
stars of the constellation to which the homage of pos- 
terity is to be paid. 

Notwithstanding the impregnable position which Great 
Britain has thus attained, as having conferred upon the 
world the inestimable blessings that have been diffused 
by means of mechanical navigation ; notwithstanding, 
that she who gave birth to steam navigation has also 
brought it to maturity, and that it is from her directly 
that other powers of Europe have obtained those scanty 
supplies of steam ships of which they have possessed 
themselves; notwithstanding also that it is to Great 
Britain that one half of the world owes the means of 
Transatlantic steam communication, means which it is still 
incapable of equalling or even imitating ; notwithstand- 
ing the early consent of nations, and the evidence of plain 
facts that Britain has not only originated, but carried to 
the utmost perfection, not only steam navigation, but the 
very steam-engine itself, and all its other applications, 
and that in virtue of these applications it still stands at 
the head of nations — notwithstanding all this, there are 
men who, in the desire for national popularity, have 
actually endeavoured to turn aside the straight-forward 
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caDdoar with which other nationa at fint acknowledged 
their obligations, and have attempted by partial sUte- 
menta of tnith and false inference from facts, to under* 
mine the reputation of Great Britain, and disavow the 
sonrce to which they owe so much present greatnesB. 

Pretension* of America and Sriiain to the invention 
of steam navigation. — The American treatise on the 
steam-engine hy Professor Renwick, exhibits in the fol- 
lowing passage one of these very unworthy attempts 
to misrepresent the plain historical truths of the in- 
vention of steam navigation. Speaking of Jonathan 
Hulls's pamphlet on steam navigation, published in 1737, 
he says, " English authors have rafted ap from oblivion 
a patent granted in 1736 to a person of the name of 
Joaathan Hulls." He, however, never made an acting 

* JonatbiiD Bnlls, on the 21st of December 1736, obtained a 
patent, to endnre for fourteen jeatB, for what may, without wij 
improprietj, be called a tieam boat. The letters patent and a 
deecriptioD of thia boat, illustrated with a plate, are con> 
tuned in a tract, pubUsbed bj Hulls in 1737, under the fol- 
lowing title ; A Deteriplion and Dravghl of a new invented Ma- 
chine/or carrying TeiKle or Skipi oul a/ or into any Harbour, 
Port, or Siver, againtt Wind and Tide or in a Calm. 

Ha introduces hi» description b; a concise riew of the principles 
of experimental philosopb; ; in which he obacrrea, (p, 39,) " If a 
person were to descend to the bottom of a well of water, his bodj 
would be pressed the same bs if he descended the same depth into 
the sea ; for there is the same pressure against a pool'head as there 
is gainst the sea bank at the same depth, as hath before been 
demonstrated. 

" Thus I have endeavoured to explain the natore of the pres- 
sure of the ur on other bodies, bj comparing it with other fluids 
that are visible to our eye, as mercury, water, &c., and, siniw 
pressure is so very great, it is the more fit to be applied to a 
pose wherein all sorts of manual operations an insufficie;itb 
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model of his invention, and the prime mover itself was 
at the time in a state far too imperfect to have permitted 
its being successfully used in the manner proposed by 
Hulls. So far then from classing this among ingenious 
and profitable improvements, we should rather be inclined 

this present undertaking cannot be supposed to be done by strength 
of men or horses^ or any machine driyen hy either. 

** The atmosphere being of great weight, and striving to get in 
where there is a yacuum, I shall endeavour to show how this 
vacuum is made, and in what manner this force is applied to drive 
the machine. 

** In some convenient part of the tow boat there is placed a 
vessel about two-thirds full of water, with the top close shut ; this { 
being kept boiling, rarefies into a steam. This steam being conveyed 
through a large pipe into a cylindrical vessel, and there condensed^ 
makes a vacuum, which causes the weight of the atmosphere to 
press on this vessel, and so presses down a piston that is fitted 
into this cylindrical vessel, in the same manner as in Mr New- 
comen's engine, with which he raises water by fire. 

" It hath been already demonstrated, that a vessel of thirty 
inches diameter, which is but two feet and an half, when the air is 
driven out, the atmosphere will press on it to the weight of four 
tons, sixteen hundred weight, and upwards ; when proper instru- 
ments for this work are applied to it, it must drive a vessel with 
a great force. 

" The bigness of the machines may be proportioned to the 
work that is to be performed by them ; but, if such a force as ap- 
plied in this first essay be not sufficient for any purpose that may 
be required, there is room to make such addition as will move an 
immense weight with tolerable swiftness. 

" It is my opinion it will not be found practicable to place the 
machine here recommended in the vessel itself, that is to be taken 
in or out of the port, &c., but rather in a separate vessel, for 
these reasons: — 

" 1st, This machine may be thought cumbersome, and to take up 
too much room in a vessel laden with goods, provisions, &c. 

*' 2d, If this machine is put in a separate vessel, this vessel 
may lie at any port, &c. to be ready on all occasions. 
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to rank it among tbose, which, from their obvions im- 
practicability, merit the oblivion into which they instantly 
Ml." 

We cannot refrain from characterizing this passage as 
nngenerona and nnjust in the extreme, and perfectly nn- 

" 3d, A TesBsI of a small burthen will be Buffiraeat to carry the 
machine to take out a large ooe. 

" 4th, A vessel will serve for thia purpose for manj jeors, alter 
she is thrown off, and not safe to be taken abroad." 

The passages above quoted are followed bj the Explanation of 
tks MachiRt. The Figure to which this Jisptanaticrn refers^ is 
copied trom that given b; Hulls. 




" A representa the chinmej coming from the furnace. 

" B, the rope attached to the vessel to be towed. 

" CC, Two jneces of timber, framed together, to carry the 
machine. 

" Da, D, and Db, are three wheels on one axis, to receive the 
ropes M, Fa, and Fb, 

Note. — AT is the same rope that goes into the cylinder. 

" Set and Hb are two wheels on the same ails with the tt/aa 
mill, and move oltemateij in such a manner, that when the 
wheels Da, D, and Db, move backward or forwitrd, they keep the 
fans mill in a ^rect motion. 
" P6 ia a rope going from Bb to Db, that, when the wheels Da, 
D, and Db, move forward, moves the wheel Hb forwards, which 
brings the fans forward with it. 

" JVi is a rope going from the wheel Hn to the wheel Da, that 
when the wheels Da, D, and Db, move forward, the wheel Ba 
draws the rope F, and raises the wdght O, at the s 
the wheel Hb brings the fans forward. 

" When the weight 6 is so rused, while Qie wheel? Da, D, and 
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worthy both of professor Renwick and of America. 
Professor Renwick has written a very excellent and meri- 
torioas work on the steam-engine, which has many scien- 
tific discussions and practical investigations, that do credit 
to his sagacity and science, and we admit most willingly 

Db, are moving backward, the rope Fa gives way, and the power 
of the weight G brings the wheel Ha forward, and the fans with 
it, so that the fans always keep going forward, notwithstanding 
the wheels Da, D, and D6, move backwards and forwards, as the 
piston moves up and down in the cylinder, 

*' LL are teeth for a catch to drop in from the axis, and are so 
contrived that they catch in an alternate manner, to cause the 
fans to move always forward, for the wheel Ha, by the power of 
the weight O, is performing its office, while the other wheel Hh 
goes back in order to fetch another stroke. 

" Note. — The weight Gmust contain but half the weight of the 
pillar of air pressing on the piston, because the weight O is raised 
at the same time as the wheel Hb performs its office, so that it is, 
in effect, two machines acting alternately by the weight of one 
pillar of air of such a diameter as the diameter of the cylinder is. 

" If it should be said that this is not a new invention, because 
I make use of the same power to drive my machine that others 
have made use of to drive theirs to other purposes ; I answer, the 
application of this power is no more than the application of i&ny 
common and known instrument used in mechanism for new invented 
purposes." P. 43. 

This Explanation is followed with the annexed " Answers to 
some Queries that have been made concerning the possibility and 
usefulness of this undertaking." 

QUEBT I. 

** Is it possible to fix instrtunents of sufficient strength to move 
so prodigious a weight as may be contained in a very large vessel ? 

" Answer. All mechanics will allow it is possible to make a 
machine to move an inmiense weight, if there is force enough to ' 
drive the same ; for every member must be made in a proportion- 
able strength to the intended work, and properly braced with 
laces of iron &c., so that no part can give way or break, if the 
braces, &c., necessary for this work had been put into the draught 
it would have been so much crowded with lines, that the main 
instruments could not be so well perceived. * 
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that many important mKjectB discnased in his work have 
too little attracted the attention of British engineeri and 
authorB. We are quite ready to grant also, that steam 
boats first turned oat "profitable " speculations in Ameri- 
ca; hut to say that we have "raked vp Hnlls's patent 
from oblivion " — to say that an invention of which a full 

QCRRT II. 

" WiH Dot tbe force of tlie waves break anj iostniment to pieces 
tbrt ia placed to mova in the water ? 

" Answer. Firit, It cannot be supposed that this machine will 
be used in ■ storm or tempest at sea, nbea the waves are raging ; 
for, if a merchant Ijeth in a harbour, &C-, he would not choose to 
put out to sea in a storm, if it were possible to get out, but rather 
staj until it is abated. 

■' Secondly. When the mnd comes ahead of the tow boat, the 
fans will be protected bj it from the violence of the waves ; and 
when the wind comes side-wa;s, the wind will come edge-ways of 
the fans, and therefore strike them with the less force, 

** Thirty. There may be pieces of timber laid to swim on the 
Burfacs of the water on each side of the fiuis, and so contrived as 
they shall not touch them, which will protect them from the force 
of the waves. Up inland rivers, where the bottom can possibly 
be reached, the fans may he taken out, and cranks placed at the 
lundmost aiia, to strike a shaft to the bottom of the river, which 
will drive the vessel forward with the greater force. 

QUERT III. 

" It being a continual expense to keep this machina at work, 
will the eipense be answered t 

" Answer. The work to he done by this ms^hine will he upon 
particnlar occasions, when all other means yet found out are 
wholly insufficient. How often does amerchant wish that bisship 
were on the ocean, when, if he were there, the vrind wonld serve 
tolerably well to carry him on his intended voyage, but does not 
serve, at the same time, to carry bim out of the river, &c. he 
happens to be in, wWoh a few hours' work of this machine would 
do. Besides, 1 know endues that are driven by the same power 
as this Is, where materials for the purpose are dearer than in any 
navigable river in England; therefore, experience demonstrates, 
that tbe expense will be hut a trifla to the value of the work per- 
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treatise with detailed plates of the machinery, and an ex- 
position of the mechanical principles of the steam-engine, 
almost as full as that of the Professor of natural and experi- 
mental philosophy in Columhia college himself in his own 
treatise — to say that an invention, the description of 
which was printed and sold in the pamphlet shops for 
sixpence, and which, even now is hy no means so rare in 
Great Britain as the Professor's own most excellent trea- 
tise — to say that such an invention has heen *< raked up 
from oblivion," as if for the paltry purpose of defrauding 
America of some well merited honour, is at once uncan- 
did, ungenerous, and incorrect. That his invention was 
<< ingenious," nobody ever doubted who had read the book, 
or was capable of understanding it — ^that it was « profi- 
table " to the inventor, we do not mean to assert, for in- 
ventors have almost always been not only the victims of 
detraction, like that of Professor Ren wick, but of still 
more deeply consuming poverty. But we should not 
have expected a countryman of Oliver Evans to have 
taunted an ingenious, but probably poor man, with not 
having converted his talents into a pecuniary gain. 

This << obscure person, of the name of Jonathan 
Hulls," was by no means so ignorant or incompetent to 
the perfection of this admirable invention, as Mr Ren- 
wick would have his countrymen to suppose. This << ob- 
scure person*' appears, by his work, to have been deeply 
versed in the writings of Archimedes, Ctesibius, and 
Hero. He illustrates the doctrines of statics by appro- 
priate experiments; he anticipates the very objec- 
tions which Professor Renwick elsewhere brings against 
his invention, showing that it was neither absurd nor 
impracticable, but required only to be well executed in 

formed by those sort of machines, which any person that knows 
the nature of those things may easily calculate.'* 
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order to prove useful. After explaining fully the doc- 
trine of Btmospberic pressure, he says, " the atmoBphere 
being of a great weight, and BtriTing tu get in where 
there is a vavnum, I shall endeavoor to show how this 
vacuum is made, and in what manner this force is ap- 
plied to drive the machine. In some convenient part of 
the tow-hoat there is placed a vessel about two-thirds 
full of water, with thej top dose shut. This being kept 
boiling, rarefies into a steam. This steam being conveyed 
through a large pipe into a cylindrical vessel, and there 
condensed, makes a vacuum, which causes the weight of 
the atmosphere to press on this vessel, and so carries 
down a piston that is fitted into this cylindrical vessel, 
in the same manner as in Mr Newcomen's engine, with 
which he raises water by fire. It hath already been de- 
monstrated that a vessel of thirty inches diameter, when 
the air is driven out, the atmosphere will press on it to 
the weight of four tons sixteen hundred weight and 
upwards; when proper instruments for this work are ap- 
plied to it, it must drive a vessel with great force." 

Hulls thus gives a full description of all the mecluu 
n:sm of his steam boat in a form which, although not to 
umple as the present method of moving the paddle wheel, 
must be admitted to be at once ingenious and practica- 
ble. He next considers the comparative advantage of 
having the steam machinery in the «tip itself, or in a se- 
parate tow-boat ; but presses the latter for many reasons, 
which he adduces. 

As if anticipating the objections of sach men as Pro- 
fessor Renwick, he proceeds to give answers to " Queries 
respecting the Possibility and Usefulness of his Under 
dertakingi" and on this subject his views must ho ad- 
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mitted to be distiDgnished by sound practical common 
sense, unmixed with exaggeration. 1. He proposes 
for strength to brace the whole with iron ; 2. He dis« 
cusses the means of avoiding the injurious action of the 
waves ; 3, He discusses the question Of L. S. D. most 
conclusively ; then << query the third, it being a conti- 
nual expense to keep this machine at work, will the ex- 
pense be answered ? " " The Work to be done by 
this machine will only be upon particular occasions, 
when all other means yet found out are wholly insuf- 
ficient. How often does a merchant wish that his ships 
were on the ocean, when, if he were there, the wind 
would serve tolerably well to carry him on his intended 
voyage, but does not serve at the same time to carry 
him out of the rivers, &c, he happens to be in, when a 
few hours' work of this machine would do ? Besides, I 
know engines that are driven by the same power as this 
is, where materials for the purpose are dearer than in 
any navigable rivers in England ; therefore experience 
demonstrates that the expense will be but a trifle to the 
value of the work performed by those sort of machines." 
Snch is the << ingenious and profitable" scheme which the 
able Professor of Columbia college asserts that the English 
have raked up from oblivion, but which he conceives to be 
unworthy of note from its obvious impracticability. 

He might with some truth have taunted the English 
with, first, allowing a valuable invention to lie so long un- 
adopted, and in all probability bringing its author into 
disrepute and poverty while he lived, and then only doing 
that justice to his memory which they should have done to 
himself ; but it was not necessary for the credit of Ame- 
rica to inflict an injury upon the memory of a Briton 
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who had advanced Uto far before the age he lived Id, bnt 
who will go down to posterity aa the firat inventor of an 
ingenious and practicable meclianigm for propelling ves- 
sels by a condensing steam-engine and by paddle wheels, 
being the very means at this day most profitably employed 
in America, Great Britain, and the rest of the world. 
Sach was Jonathan HoUs. We can only palliate Mr 
Renwick's offence against the justice and generons can- 
door of philosophical history, by supposing him altoge- 
ther nnacquainted with the works of Hulls. Not satis- 
fied, however, with contemning Hulls, (who, by the 
bye he asserts, never actually constrncted a model of 
his invention, although there is not only no proof that 
he never did so, but a strung presumption, on the con- 
trary, that his boat was actnally constructed and nsefully 
employed,} not satisfied with this one act of injustice. 
Professor Renwick seems determined to run a muck 
agiunst the whole race of non-American inventors. He 
next attacks the knight of Dalswinton, and asserts that 
his second vessel, one which went at the rate of seven 
miles an honr, " was an absolute failure I " while, a few 
pages on, be vaunts the wonderful success of Fulton, 
who, thirteen or fourteen years afterwards, built a boat 
in imitation of this, whiuh first broke its back and went 
to the bottom, and then, on being reconstructed, went a 
short distance at some three miles an honr; this he calls 
perfect success I and the Scotch experiment, fourteen 
years previous, at nearly seven miles an hour, he calls 
"an absolute failure I" What must have been Pro- 
fessor Renwick's own opinion of his cause, when he could 
get up no statements more consistent than these 

We have already seen that, after experienctog the nn- 
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fortanate denouement of his own experiment, Mr Fulton 
came to Scotland^ and having travelled six miles an hour 
in Symington's boat, and been allowed to avail himself 
of her minute examination, that his conviction of the suc- 
cess of Mr Symington's invention was so complete, as, in 
spite of his own previous failure, to have led him at once 
to order an engine in Britain for America. We have 
already seen all this, which R*;nwick does not, because 
he dare not> attempt to deny ; but he endeavours to evade 
the force of that plain statement, by attempting to*con- 
fuse dates in a manner so impotent, as plainly to prove 
that nothing less than an actual falsifying of documents 
could prove his point. " If," says he, " Fulton saw 
Symington's boat in 1801, he returned to France" (to 
make his own wretched trial) << with his previous impres- 
sions in favour of paddle wheels very much weakened ; 
if not until 1804, he had already performed more than 
Symington." There never was more contemptible or 
shallow sophistry ; it should read thus — If Fulton saw 
Symington's boat going six miles an hour in 1801, and 
afterwards made his own experiments in France, where 
his boat was first taken to the bottom, and broken to 
pieces by the mere weight of the engine, and after being 
rebuilt was not able to do three miles an hour ; in this 
case, how utterly inferior is the imitator proved to have 
been to the man whom he tried to copy ! — If it was not 
until 1803 or 1804 that he visited Symington's boat, he 
must have been at once convinced that his former failure 
arose from his own incompetency to the task of rein- 
venting what had long before been so well accomplished 
by Symington. Why did not Ren wick tell his readers 
that Fulton, after his most minute examination of Syming- 
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ton's engine, arter getting an admirable engine from Watt 
and Bulton, and after spending three or four years more 
in perfecting his imitation, did not even then succeed in 
duinf{ HO much, liy at least one mile an hour, as Syming- 
ton had already done in his presence so long before P 

But it is plain that what the Professor of Columbia 
college wanted, was to place his countryman on a pedes- 
tal, where an American might have the gratification of 
doing homage for one of bis greatest national blessings, 
to an' American rather than a Briton ; for, in order to 
deify him still more completely, he says of Fulton — whose 
boat (be takes care never to tell us) had broken through 
the middle, and not gained four miles an honr — that it 
wax then, (after the boat bad gone to the bottom F) as 
afterwards, remarkable that, by a sound view of theoretic 
principles, the single boats of Fulton always presented 
the speed which he predicted, at the moment of planning 
them I I [ To show, in conclnsion, how far the ataorpa- 
tria has carried the author of the American Treatise on 
the Sieam-Engine from the truth, we have only to quote 
one sentence on the subject referred to, from the Life of 

Fulton, publirbed in America by oneofbis own country- 
men, who bad fuller access to all his private documents, and 
who esfhibils, with every proper love of his country, 
and all just respect for the subject of bis pen, an equal 
love of consistency and respect for truth. " The expe- 
periment in France and the velocity of the Clermont, fell 
aofdr short of hia estimates, that," &c So much for 
Fultun's infallibity, and Renwick's fidelity. 

America, therefore, owes to Fulton the debt of having 
benefited her by the early introduction of the invention 
of Miller, Taylor, and Symington, into a country whose 
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peculiar geographical connexions rendered this gift of 
the utmost importance to her prosperity. 

Another claim to the invention has been adduced by a 
nation we should least have suspected, the Italians. In 
a work entitled, « Elements of Experimental Physics," 
published at Florence in 1796, we find the following 
passage : — << James Watt was the inventor of steam- 
engines in England in the year 1787, although many ex- 
periments of a similar nature had been made previously 
to that time. An Italian, Serapino Serrati, was, how- 
ever, the first, not only to conceive the design of a steam 
boat, but also to place one upon the river Arno, which 
runs through Florence." We have no means of testing 
the value of this assertion, but, like the Spanish claim, 
it may either be true or untrue, without a£Pecting the 
history of steam navigation, as it is unquestionable that 
whatever merit they may have individually possessed as 
experiments, our present system of steam navigation 
has been in no way derived from them. 

The French nation has founded a claim to the inven- 
tion of steam navigation, upon the ground that Mr 
Perier, in 1775, and M. de Joufiroy, in 1781, made ex- 
periments in steam navigation : that they, however meri- 
torious, did not in any way contribute to the production 
of our modem system of steam navigation, is enough 
to deprive them of extended notice in our history of 
that art. 
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CHAPTER IV. 



On the progress of Steam Navigation in America and 
Europe, from, its introduction to its present condition. 



We have seen that the experimenti of Miller, Syming> 
ton, and Taylor, bad brought steam navigatiun to so 
great perfection that nothing remained to be done except 
the adoption of it by mercantile men for the purposes 
of gun and of commercial intercourse. Livingstone and 
Fulton formed the first commercial steam navigation 
in America, on the Hudson, and Bell in Europe, on the 
Clyde, both having obtained their knowledge directly, 
immediately, and exclusively, from the experimental 
triad of Dalswinton. 

It is a little carious that, although Fulton vas first in 
America, and Bell in Europe, to avail themselves of the 
advantage of steam uavigalion, it ivas in both cases non 
hngo intervalto diatanti. Fulton was first in the race 
only by a few days, and Bell by a few months. 

R. L. Stevens of Hoboken, is probably the man to 
whom, of all others, America owes the greatest share of 
its present highly improved steam navigation. His fa- 
ther was associated with Livingstone in his experiments, 
previous to the connexion of the latter with Fulton, and 
bad persevered in his experiments during Livingstone's 
absence in France. Fulton's boat, however, was first 
ready, and obtained an exclusive privilege from the Slate 
of New York, Being excluded from the Hudson and all 
waters of that State, Stevens conceived the bold idea of 
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taking his steam boat by sea to the Delaware. Stevens 
was thus the author of steam navigation in the open sea. 

From various competent sources, we have been assu- 
red that Mr Stevens, who now enjoys a large fortune, 
the result of his labours in steam navigation, is a man of 
much original talent, of considerable scientific acquire- 
ments, and of great practical skill. To him America 
owes both the modification of steam-engine and construc- 
tion of vessels by which the highest speed is accomplished. 

Instead of changing altogether the form of Mr Watt's 
engine as we have done, for the purpose of stowing it 
below the decks of our steam- vessels, he retained the 
long working-beam on deck, and, only removing the cis- 
tern of cold water from around the condenser, and using 
a large jet of injection within, he placed the steam-engine 
of Watt on the bottom of his vessel, much in the same 
way as it would be placed in a cotton-mill, or to drive a 
coal-gin, having the great working-beam performing its 
oscillations aloft, far above the height of the paddle 
boxes, and indeed half-way up the chimney. 

Another change introduced by Stevens into Watt's 
engine, in which it di£Pers from our marine engine, is the 
use of upright guides for the piston-rod, instead of the 
old parallel motion. This was rendered necessary by 
the next peculiarity. 

A peculiarity of great importance is the introduction of 
a very long stroke, and the use of steam working expan- 
sively in the cylinder. With this a change of great 
value is necessarily introduced, namely, a long crank, i. e., 
longer leverage for the power of' the steam in compari- 
son with the diameter of the paddle wheel. 

The divided paddle wheel is another of Stevens' inven- 
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tions, whereby the resiitance of the water to the paddle 
boards is rendered more aniform, and the concnssiong of 
the common wheel are avoided. 

Sterena at a very early period adopted the method of 
■niface, or dry condentation, as it is called, where the 
extended iurface of a condenser, gorronnded by cold wa> 
ter, is nsed to supply the place of injecting a stream qf 
cold water among the steam. He nsed for this pnrpose 
copper tubes, copper plates, and other apparatas since 
tried in this country ; hot, like most other engineers who 
hare tried this method since the time of Watt, he found 
it disadrantageons, and reverted to condensation by jet. 

Stevens, more than any one, has improved the shape 
of the American steam vessels. The full round bows and 
sterns of Fulton's boats, which were mere boxes sharp- 
ened a little at both ends, drove before them so large a 
heap of water as to limit their speed to ahout nine miles 
an hour. He extended the length of his vessels to eight 
or ten times their beam, and giving them a fine entrance 
and a fine run, rose at once from nine to thirteen miles 
an honr. Directing his attention to pushing the water 
aside, rather than carrying it under the vessel, he suc- 
ceeded in rendering the resistance of the water, and its 
disturbance by the boats, comparatively small. 

A principle applied to steam navigation in America, 
much more than in Briton, is one great cause of the 
superiority in speed of American vessels. We allude to 
the system adopted so generally in Cornwall pumping- 
ing engines of working steam expansively. The great 
practical advantage of doing so was first introduced in 
America by a Mr Adam Hall, director of the West Point 
foundery, and by him communicated to Professor Ren- 
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wick, whO| by Mb treatige, has contributed mncli to the 
adrancement of steam nayigation in America. In order 
to show the advantage of this method, Professor Ren- 
wick states, that by loading a safety-valve to fifty-seven 
pounds, and catting off the steam when the cylinder haa 
been filled to one- eighth of its length, the power will be 
^doubled, and at the same time a saving of fnel be effected 
amounting to two fifths. The use of steam of a higher 
pressure than the atmosphere, acting expansively through 
a large part of the stroke of the steam-engine, was dis- 
covered, though erroneously conceived and explained, by 
Wolf. There is no difference between the mode of ap- 
plying this principle in American engines from that used 
in Cornwall. 

The method of working expansively with a long-strok- 
ed engine, and the use of large equilibrium valves and 
passages, has allowed and carried into effect a high velo- 
city of piston. We have the means of knowing that there 
are many vessels in America at this moment, whose pistons, 
instead of travelling at the average rate of 220 to 250 
feet a minute, as usual in this country, move at double, 
and even more than double that rate. The cylinders are 
sometimes, in such cases, as much as three diameters in 
length. 

We have already mentioned the great length of Ame- 
rican steam vessels in proportion to their breadth. The 
hull, at the same time, is built with attention to light- 
ness rather than solidity. To support the great weight 
of machinery and boilers in the centre of the vessel, 
the American builders appear to have regarded their 
vessel as a sort of wooden bridge, resting on two liquid 
buttresses towards each extremity, and loaded with a 
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- great weig;ht in the eeotre; and in this riew they eeem to 
have introdnced into their veuels all the mechanical 
stmctores which the ratourceB ef terrene •carpentry and 
ciril engineering present in the constniotjon of archeB, 
wooden tnisaee, and iron inapension bridges, which ex- 
tend along the veseel, tranafening the proper proportion 
of the strain to those parts of it which are most distant 
from the load. Theee arches and tensile structures 
Bometimes rise high ahore the dech of the vessel, and 
give to the vessels a wonderful rigidity. Vessels of more 
than SOO feet long are sometimes made entirely of thin 
plank crossed in three layers, and, without any timhers, 
are yet able to support hoth the weight and effort of fire 
or six hundred horse-power machines, by means of their 
judicious construction. 

Our own island kingdom has been the scene of all the 
improremeuts made on steam navigation in Europe. W^e 
believe that there is not in the most improved European 
steam ships of the present day a single item of conatruc- 
tJon which is not wholly British in its origin. 

America is distinguished by its improvement of inland 
steam navigation. The nature of the country determined 
the efforts of invention in that direction, as in our own 
country the position of our ocean island decided our at- 
tention to the navigation of the deep sea ; and by the 
success of our efforts we are now distinguished above the 
rest of the world immeasurahly. 

We naturally look to the birthplace of the steam- 
engine and steam navigation for the improvement of 
steam navigation, and we accordingly find it making ra- 
pid progress on the river Clyde, in North Brittun. 

Bell having introdnced steam navigation into commer- 
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cial use, by bailding tbe Comet in 1812, was qaickly fol- 
lowed by immerons speculators in steam boats on that 
river: in 1813, John Thomson, his former coUabora* 
teur in experiment, completed his vessel, the Elizabeth, 
which we have already described ; and having given her 
more power and a better proportion and construction, at 
once outstripped, in his turn, Mr Bell, and found his 
boat a successful speculation. 

The third Clyde steam vessel was built, like the two 
former, by the Messrs Wood of Port Glasgow, near 
Greenock, for a Mr Robertson, an engineer of Port 
Glasgow. Her dimensions were seventy-six feet long 
on deck, fourteen feet beam, and sixty-nine tons mea< 
surement. Her power was fourteen horses ; speed six 
miles an hour. 

The fourth steam vessel, the Glasgow, was also built by 
the Messrs Wood of Port Glasgow, the engines by Mr 
Cook of Glasgow. She was intended to carry goods as 
well as passengers, and was seventy-two feet long, fifteen 
feet beam, seventy-four tons measurement, and sixteen 
horse power. This vessel belonged to the first of a spe- 
cies of associations since become so common, a joint-stock 
company for steam navigation ; and set the example of 
being thoroughly mismanaged. This vessel was launched 
in 1813, and was moderately sharp, but was afterwards 
improved by lengthening tbe bow five feet, and giving 
it greater sharpness. 

About 1814, two vessels, the Princess Charlotte and 
the Prince of Orange, built by a person of the name of 
Muir, were tried on the Clyde. Messrs Watt and Bol- 
ton were the engineers ; but from some cause these ves- 
sels were unsuccessful. Next year the same engineers 
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placed their eDginm in a reuwl named the Caledonia, 
built by the Mea§n Wood, ninety-fire feet six inche* 
long, fifteen feet beam, 102 tons measurement, and having 
two enf^nes of sixteen horse power. This vessel was 
more snceessful. 

Snch were the early vessels, of small dimensions, a low 
proportion of power, and little speed. 

From the commencement of steam navigation in Great 
Biitwn, no great stride appears to have been made nntil 
the year 1816, when Mr David Napier, the engineer, 
entered on the construction and improvement of steam 
navigation. We believe, that from the year 1818 nntil 
about 1830, David Napier effected more for the improve- - 
ment of steam navigation than any other man. It is ne- 
cessary to dialiogtiish betwixt him and Mr Robert Napier, 
whose successful efforts in steam navigation are of later 

It is to Mr David Napier that Great Britain owes the 
establishment of deep sea commnnication by steam vei- 
sels, and of post-office steam packets. Previous to his 
time, steam vessels ventured rarely, and only in fine wea- 
ther, beyond the precincts of rivers and the coast of 
friths. Mr David Napier adventured at once to esta- 
blish regular communication between Britain and the 
eurrouoding countries, Ireland and fVance, by steam- 
vessels plying even daring the stormy mondis of win- 
ter. It b said that the following is the manner in 
which he first essayed his arduous attempts. Not long 
after the introdaction of steam navigation on the river 
Clyde, he had entertained the idea of esb^sliing 
steam commnnication on the open sea ; an^ 
step, he endeavoured to asoertain the amdil 
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difficulties to be encoantered. For this purpose He 
took a place at the stormy period of the year in one of 
the sailing packets which then formed the only means of 
intercourse between Glasgow and Belfast, and which 
then required often a week to accomplish what is done 
by steam in nine hours. The captain of the packet 
in which he sailed, remembers distinctly a young man» 
whom he afterwards knew as Mr Napier, being found, 
during one of the winter passages to Belfast, constantly 
perched on the bows of the yessel, and fixing an intent 
gaze on the sea when it broke on the side of the ship, 
quite heedless of the wares and spray that washed over 
him. From this occupation he only ceased at intervals, 
as the breeze freshened, to ask the captain whether the 
sea was such as might be considered a rough one, and 
being told that it was by no means unusually rough, 
he returned to the bows of the vessel and resumed his 
study of the waves breaking at her stem. Some hours 
after, when the breeze began to freshen into a gale, and 
the sea to rise considerably, he again enquired of the cap- 
tain, whether now the sea might be considered a rough 
one, and was told that as yet it could not be called very 
rough. Apparently disappointed, he returned once more 
to his station at the bows, and resumed his employ- 
ment. At last, however, he was favoured with a storm 
to his contentment ; and when the seas, breaking over the 
vessel, swept her from stem to stem, he found his way 
back to the captain and repeated his enquiry ; do you call 
it rough now ? On being told that the captain did not 
remember to have faced a worse night in the whole of 
his experience, the young man appeared quite delighted, 
and, muttering as he turned away, << I think I can manage. 
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if t&ftt be xU," went down contentedly to Us ubin, learin^ 
the detain not a little pnazled at the ttruig^ freak of hii. 
pawen^r. Ni^ler mw the end of hia difficnltteti and 
soon satisfied himself ai to the meuu of oveicoming^ 
thenk 

His next enqniiy r^^arded the meana of (getting 
fhroogh the water widi least resislanoe. To determine 
this, he coDamenced a loriea of experimenta, with modela 
^ Teasels on a small tank of water ; and fonnd, in a short 
time, that tiie fall round blnff bow adopted for suling 
Tessels, was qnite nnsnitable to speed with mechanical 
propulsion of a different nature. He was soon led to 
adopt the sharp fine wedge-like entrance by which tlie 
vessels buUt under his Buperintendanoe were so much 
distinguished. 

In 1B16, Mr David Napier established between Green- 
ock and Belfast, a regular steam communication, by 
means of the Rob Roy, a vessel built by Mr William 
Denny of Dnmbarton, having abont 90 tons burden, and 
thirty horse power. She plied two winters between 
these ports with perfect regularity and success, and was 
afterwards transferred to the English Channel to serve 
as a packet between Dover and Calais. 

Having thos acquired dominiou of the open sea, Mr 
Napier was not slow to extend it; la 1619, the Messrs 
Wood built for him the Talbot of 150 tons, with two of 
Mr Napier's engines, each of thirty horse power; this 
vessel was by far the most perfect vessel of her day, in 
all respects, and formed a model which was long in 
being surpassed. The Talbot plied bettveeii Holyhead 
and Dublin, and was the means of cooferiiBg on Ireland 
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the adrantage of a direct, certain, and rapid communica- 
tion with England. The Talbot was succeeded by the 
Iranhoe, bnilt by Mr Scott of Greenock, of 170 tons bar« 
den with Mr Napier's engines of sixty horse power in the 
aggregate, and she also long continued the best packet 
on the station between Holyhead and Dublin. 

At the same time that Mr Napier was thus engaged 
in conferring on the public the benefits of the post-office 
steam packet system, he also established the first line 
of commercial steam ships, on a station which ever since 
that time has continued to be occupied by the finest, 
most powerful, expert, and fastest steam packets in 
Europe — the station between Liverpool, Greenock, and 
Glasgow. The Robert Bruce of 150 tons, built by the 
Messrs Wood, with Mr David Napier's engines of sixty 
horse power; the Superb of 240 tons, by Mr Scott, 
with Mr Napier's engines of seventy horse power ; the 
Eclipse, by Mr Steel, of 140 tons burden, with Mr Na- 
pier's engines of sixty horse power — all these were esta- 
blished as regular deep sea traders, under the direction of 
Mr David Napier, before the year 1822. They were all 
vessels of a much stronger hull, a better form, and more 
correct proportion of parts than any others ; and in these 
three years, from 1818, the art of steam navigation had 
received in the Clyde an extension and perfection that 
rendered it an object of great national importance. 

From this period, the navigation of the deep sea un- 
derwent great and rapid improvement. The construction 
of the James Watt, steam vessel, appears to have formed 
a great step in steam navigation. This vessel was com- 
pleted under the supermtendance of Mr Brown, of Watt 
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tmd Bolton, in 1B22, to lail on the station between Leith 
Mid London. The reue] was built by tlie Meisra Wood, 
on the Clyde. It wsa of 44S tons measurement, and 
carried tiro eng^nea, by MesHrs Watt and Bolton, of 
50 borgfl power e&cb. Hub ressel, in beauty of form, 
strength of conBtmotion, and speed, wbb mach before 
every vsBtel of her day, having a velocity of 10 miles an 
hour. She was remarkable for having engines on the 
second motion, that is to say, the paddles were not made 
to revolve directly by immediate connexion with the 
cylinder ; but the engines, first of all, produced rerolo- 
tion in an a^s, from which the paddle shaft was propelled 
by toothed wheels, in such a manner, that the number of 
revolutions of the axis of the engine was greater than 
that of the paddle shaft. With the exception of her low 
proportion of power to tonnage, tliis vessel possessed al- 
most all the qualities of the most improved vessel of the 
present day, and has served as the model after which the 
best sea-going vessels of the Thames were built. Her 
dimensions were 146 feet over all, 25 feet beam, and 
448 tons meaanreroent. 

From the period of the construction of the James 
Watt, no change of great importance seems to have been 
mode in steam navigation of the deep sea, until the 
constroction of the United Kingdom, the first of the 
steamers now increasing so rapidly, and wbich we may 
designate the Leviathan class of steam ships. The 
United Kingdom was, properly epealcing, a frigate — 
being a ship of I60 feet long, 26^ feet beam, and 200 
hore& power. It was built by Mr Steele of Greenock, and 
the engines were constructed by Mr Napier. Tbis vessel 
wai by far the most splendid of her day, and gtm 
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to the Iftrge cUm of merchant ahipe of which the adran* 
tages are now reckoned no great, and which are now in. 
common nie. 

Mr Dayid Napier wai also one of the first pers<»is to. 
introdnce snrface condensation in marine engines. He. 
used it snocessfally in the Post-Boy» a steam ressel bailt. 
by him in 1822. The condenser was made of a series of« 
small copper tnbes» through which the steam passed to* 
wards the air pump ; and by a constant current of cold, 
water encircling the pipes, the steam was cooled and re* 
turned into water, which was again sent into the boiler for 
conversion into steam, without being mixed with the cold 
salt water, which in the usual plan is injected into the 
condenser. But like Watt, Cartwright, and others, who 
hare tried this system, both here and in America, the 
rapidity of condensation was not found sufficiently great, 
and he returned to the old system of condensation by jet. 
Some years afterwards, however, he again returned to 
this system, in peculiar circumstances which rendered it 
desirable; and, using flat plates, instead of tubes, he 
was more successful, and plied for years with no other 
condenser. But, like all the other cases where it has 
been introduced, the advantages of the system were not 
reckoned an equivalent compensation for its disadvan- 
tages. The plan of condensation by tubes, again intro- 
duced at a recent date by Mr Hall, has been tried in 
numerous vessels, in some of which it has been aban- 
doned, and in others still continues to be employed. 

The next change introduced very extensively into 
steam vessels by Mr David Napier, was the use of an 
upright, or vertical steam-engine, or engine of direct 
connexion. The first engine of Bell was, to some ex* 
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tent, ft nrtiad ngia^ iaMmwJi n tlt« xaa of the cylin- 
der and of the crwik were plaoed in one vertical liae^ 
bnt there was no direct connexion between the cradk 
an<l the piaton red to the paddle ude, At oommnnic^ 
ties of motion to it being e£Fected tfareagh the raedinm 
of tooUied wheel*. In ^ Mnunon or lerer engine, tl>ft 
piston rod aoti on a eroM head, the oroM head on tide 
rods, the side rodi on tide lerare, the lerers on a oro»- 
tail, the croM tail on the connecting rod, and the eon- 
necting rod on the crank pin, by which, tlirough the 
axle, the paddle, wheels revolve. In the engine of di- 
rect connexion, the side levers, and some other parts of 
the t.rain of communication is removed by a device which 
enables the piston rod to be almost immediately attach- 
ed by a connecting rod to the crank of the paddle shaft. 
This plan was early adopted by Mr Outzmer of Leith, 
who built a vessel called the Athol, and another called 
the Tourist, on this principle ; bnt his method> though 
very simple, was not applicable in ordinary cases with 
advantage, and Mr Napier made several modification! 
of the vertical engine, which appear to include all the 
best that have yet been introdnced, although many ap- 
pear to claim the invention. It does not appear ever to 
hare been established, that the engine of direct connec- 
tion is practicably preferable to the lerer engine ; bnt the 
[dans of Mr David Napier appear to have been the best 
erer adopted. 

Mr Darid N^ier has now many years retired from 
connexion vrith steam ressels on the Clyde ; bat boAure 
he leff^it, much had been done for the advancement 
steam narigation in Britain by hit eoKsin, Mr 
Napier of Glasgow, whose astaMishwent has si 
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come famous for the coDstmction of engines of the most 
efficient action, which being, generally speaking, com- 
bined with a superior class of ships built by the Messrs 
Wood, have extended the fame of the river Clyde very 
widely, and have enabled steam to be used with a degree 
of confidence and regularity, whidi could scarcely hare 
been anticipated even by the most sanguine. The Be- 
renice, East India Company's vessels, the Perth, Dundee, 
London, and the British Queen and Halifax Transat- 
lantic ships are the chef dtBuvres of Mr R. Napier, and 
have furnished us with some valuable plates of marine 
engines. 

To the talent of Mr Maudslay of London, the present 
marine engine owes the introduction of that high degree 
of precision in its construction and details, which gives it 
so much durability and efficacy as a machine. 

We have already stated, that a regular communication 
by steam was early established between Liverpool and 
the river Clyde. The establishment of this station has 
done much for the advancement of steam navigation, from 
the following reasons : it has afforded profitable employ- 
ment to two wealthy companies, who, employing the 
most eminent steam-engine and ship builders for the con- 
struction of their ships, without regard to expense, have 
produced a class of vessels unequalled in the whole world. 
The two engineers who have been thus placed in com- 
petition, are Mr Robert Napier of Glasgow, and the 
Messrs Cairds of Greenock, and the builders, Mr Wood 
of Port Glasgow, and Mr Steel of Greenock. The con- 
tending parties have nearly alternately conquered ; each 
effort being superior to the former, and both being the 
highest efforts of the skill, ingenuity, and taste of their 
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respectlre Botkorfl. The Vnlcan, Jolm Wood, Cit j of 
Glasgow, Gommodoro, snd Admiral, are the ckeftTcettorei 
of MesBrfi Napier and Wood ; the Manchester, Eagle, 
Unicom, Actson, and Achillea, of Messrs Curd and 
Steel. 

As an example of the high perfection to which these 
friendly contentions have broi^ht mercantile iteam navi- 
gation, we insert, at the end of the volume a tahnlar ex- 
tract from a doonment lately brought forwwd in a Post- 
office enqniry. That extract contains the time required 
by tbe Unicom steam ship for each trip between Greenock 
and Liverpool, 220 miles, dnring twelve months, incln- 
ding winter, and shows how mnch may be done by good 
machinery in good ships, to obtun high regularity and 
great speed. It is plunirom this document that the mul- 
coach is not more true to her time than this steam ship, 
and that a velodty of above eleven miles was kept up, 
under all variety of loading, in a vessel devoted princi- 
pally to the transport (along with passengers) of heavy 
merchandise. The dates are from a register by Cap- 
ttun Mud, her commander, now of the Achilles, and is 
of undoubted authenticity. The dimensions and some 
particolars of this vessel are given elsewhere. 

From the table above alluded to, we find that this mer- 
chant vessel, with every different variety of lading, and 
being constructed for the express purpose of carrying 
heavy cargoes, performed all her trips without losing a 
voyage, during the whole winter and summer, at the ave- 
rage rate of more than eleven miles an hour, (H^^,) 
being 146 trips of 218 miles in 19-^^^ hours each. That 
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of these, only seventeeii were two lioiirs more tlum tbat 
time, only six four hours more than that time ; and that 
daring the six summer months, not three of the passages 
exceeded that time by more than an honr. 

This table will also serve to assist any one who desires 
to ascertain the dnty that may be calculated on in like 
circumstances ; only it is necessary to recollect that, be- 
sides the duty here exhibited, the vessel had at the end 
of a trip to navigate a shallow and uncertain channel in 
the River Clyde, to Glasgow, whence, after discharging 
and reloading, she had to find her way back to Greenock. 
In tbat period the vessel performed about 35,000 miles, 
and would have performed easily about 60,000 miles, had 
it not been necessary to ascend the Clyde, and expe- 
rience the corresponding delays. 

This vessel, the Unicom, has, since the date referred 
to, crossed the Atlantic, to take part in the transport of 
the Transatlantic mails between Britain and Halifax. 

It was at this station also, and by the vessels already 
named, that the great commercial advantages of a large 
proportion of power in steam ships, in proportion to ton- 
nage, and also of employing a large class of ships in pre- 
ference to smaller ones, was first ascertained and demon- 
strated — a principle even at this day too little understood 
as a practical maxim, but of which we give the full expo- 
sition in another chapter. It was found upon this station as 
a mercantile result, tbat a large proportion of power was 
the economical, as well as profitable, way of conducting 
the trade. That not only speed, certainty, and security 
were thus attained, but also efficiency and economy. A 
dogma the reverse of this was then generally, and is still, 
too extensively maintained. 
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Anotherclutof iteamTeBselaonthe eastcoast of Scot- 
land has also increased rapidly, and tended mncb to the 
adTBDcement and improvement of steam naTigation in 
Great Britain— that class of vessels commanicadng between 
Leitfa and London. One of the most celebrated and per- 
fect of these is tbe Monarch, bnilt from the lines of Mr 
Charles Wood of the Clyde, under the superintend- 
ence of Mr Brown, of Messrs Bolton, Watt, and Co., 
and having the engines of that firm. This admirable 
ship performed 120,000 miles withont costing her owners 
more than the most trifling sata for repiurs of any kind 
to her hall or machinery. 

Aberdeen is connected by a fine class of steam ships 
witli London, being the prodnctions of the northern city, 
and exemplifying the lai^est class of ships. Dundee also 
possesses an almost unrivalled line of commnnication in 
the Perth, Dnndee, and London, three sister ships of a 
large class, built by Mr Wood, and engined by Mr Napier 
on the Clyde. 

Besides these, 'the steam ships of Great Britain, we 
might addnce the mif^ty improvements which have been 
exhibited in the navigation of tlie wide ocean, by ships 
that have gone out Irom her. Tlie recent extension of 
Steam Navigation to the navigation of the high seas is 
destined to form an important epoch in the history of 
Steam Navigation, and we may add, of civilization. Its 
use in war may also be regarded as likely to introduce a 
revolution next in importance to the introduction of gun- 
powder, and attended with similar results. Bnt these 
are changes in which we live, and which have scarcely 
gone into the history of the past. 
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THBOBT AND PRACTICE. 



AND PRACTICE OF MODERN 8TBAM 



There is perfaapi no popular error more iDJnnoaB to the 
welfare of a mecliaiiical nation, like onr own, than the no- 
tion that theory is opposed to practice ; and there is no 
lahjeotin which this error has erer been more disaitroni 
than in steam navigation and naTalarcMtectnre in generaL 
It is hj the combination of theory and practice that most 
U to be accomplished ; and it may be hazarded as a general 
assertion, resting on all past experience, that the beat 
promotersofthepablic welfare are — that theoretical man 
who has made himself best acquainted with the practice 
of his art, and that practical man who has acquired the 
greatest knowledge of its sdentiSeprindpIes. There is 
no art which does not attest this troth, and none attests 
it more than steam navigation. It is admitted, that out 
of every three steam vessels that are bnilt, two &11 very 
jar short of fulfilling the intention with which they were 
constructed. We believe there is.no error which it may 
be possible to commit in steam navigation, that has not 
already been perpetrated again and agdn. 

To construct a perfect steam vessel, it is necessary 
first of all to make a perfect ship ; secondly^ to conatnict 
a perfect steam-engine, and boilers of a very complex 
description ; thirdly, to apply a propeUing apparatus of 
the most appropriate description ; and finally, to com- 
bine all of these in a perfect and well proportioned 
whole. Now, to construct a perfect ship, is itself » 
problem of the highest order, requiring a combina- 



258 STEAM NAVIGATION. 

tion of the most profoand resources of analysis, with 
the highest practical sagacity; a problem on which 
the reasoning of the mathematician, and the tact of the 
artist, have long been engaged, with few examples of 
complete saccess. To construct a sufficient, effective, 
powerful, durable, and safe engine and boilers for marine 
purposes, is a problem more easy, yet one in which there 
has been encountered continual failure. Then, the means 
of propelling the vessel over the element on which it 
floats, give rise to questions in the resistance of fluids 
which aU the resources of hydrodynamic science, in the 
hands of the ablest mechanical philosophers of the last 
century, have failed to resolve. Then, last of all, the 
combination of all of these together, in the best possible 
way to bring about the precise effect desired, is a problem 
still more arduous ; and all the skill of the analyst, the 
geometer, the mechanical philosopher, of the naval archi- 
tect, the engineer, the mechanic, and the sailor, if com- 
bined in a single Individual, or concentrated on a single 
object, are not more than sufficient to the arduous task 
of directing the wealth, enterprise, and resources of this 
country, in the attempt to render available to her own 
prosperity, and the interests of the human race, this 
most admirable of all her creations. 

In the following enquiry, we shall soon see that neither 
practical experience without systematized knowledge^ nor 
superficial theory ignorant of practical wants and practi- 
cal means, will suffice to ensure success. Both physical 
science and practical sagacity will, in the art of steam 
navigation, find enough to exhaust their united resources. 

We regret that we cannot record in the present work, 
that at this day the science of steam navigation is con- 
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itracted and can be presented to onr readen. £ren the 
«Ietnentary principles of by drodyDamics are yet to be 
learned, before we can apply them to the ends of steam 
navigation. What seems the law of a floid to-day, to- 
morrow shows to be a. plausible fiction, or doabtful 
verisimilitude. How then can it be expected that a 
science should be determined, when its very founda- 
tions are yet to be lud P We shall, howerer, endea- 
vour to generalize what we with certainty know, oon- 
vinced that a dear statement of our ignorance is often the 
stepping-stone to tinth. The steam ship consists of three 
integrant parts : the marine-engine, with it* boilers, by 
which the moving power is famished j the propelling ap- 
paratus, by which it is rendered locomotive ; and the ship 
itself, which contains both. We shall eonsider each 
apart, and then their combination. 

The Marina Sleam-Engine.—Tho marine steam-en-. 
gine is of a structnre more complex than the common 
fixed steiun-engin8,-inasmiich as its function is locomotive, 
and it differs from a land-engine in those peculiarities 
which adapt it to the unstable nature of its support. Ha 
who loolis at the ponderous masses of matter that form 
and Bostain the shock of a poweifiil en^ne on land, the 
I>eam8 of iron, the blocks of stone, the deep buttresses, 
and the powerful walls which form its bed, on which it is 
adjusted at once with the greatest accoracy and power, 
and which it nevertheless causes to quiver and tremble 
by its giant strokes, will readily understand the incre- 
dulity with which the first projectors of steam naviga- 
tion were regarded. 

The earliest application of the steam-engine was to the 
pumping of water. We find that \i hen it was first uaed 
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to the effect ofmaking machinery reyolve, the great lever 
of the pamping engine wan retained. So was it in the 
application of the iteain-engine to navigation ; and the 
mariae steam-eDginQ moit generally ased at the preient 
daj) holh here and in America, is called the beam-en- 
gine, or lever engine. 

The first of the following diagram* represents the 
beam engine, or lever engine, as uied on land to tnm 
ronnd machinery ; the second represents the lever engine, 
as used in America to give rerolntion to the paddle 
wheels of a steam boat ; and the third represents the 
lever engine of British steam vessels. 

Fig. 1. Fig. 2. 




In all of these figures, S represents the place of the 
steam-cylinder, in which, hy the alternate action of the 
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steam on opposite sides of the piston P, that and the 
piston-rod P B are forced alternately to the top and 
bottom of the cylinder ; and so the end of the lever or 
great beam B B is carried up and down around the 
centre M, carrying with it the connecting rod KB', by 
whose reciprocation the crank-pin K, of the crank radius 
K X, is carried round on the great rerolying shaft X, 
which, in the case of the mariner engine, is the axis of 
the paddle wheel, and in the case of the stationary en- 
gine, is the axis only of the fly-wheel. V is the place of 
the valves by which steam is admitted from the boiler 
into the cylinder, and, after having done its duty, is 
educted into the condenser C, where, by a jet of cold 
water constantly playing, it is immediately condensed into 
water of the seventeen-hundredth part of its bulk, and 
so leaves the cylinder empty, t. e* nearly a perfect va? 
cuum ; and as this condensing receptacle would soon, 
by the jet of cold water flowing into it, and the accumu- 
lation of condensed- steam, be filled with water and its 
evolved gases, the air and water are pumped out at each 
stroke of the engine by the air-pump A, worked from 
the lever or working beam B B, and so the vacuum 
is kept perfect and the condense- effective. The feed- 
pump F replenishes the boiler 6 with some of the water 
extracted from the condenser, at a temperature of about 
90^, and so supplies the deficiency caused by the con- 
tinual evaporation of the water, at the rate of 6 gallons 
for each horse power every hour. 

The differences between the arrangements of the ma- 
rine steam-engine used in Great Britain, and the land 
steam-engine, are chiefly these : the lever or great 
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beam, which, in the land engine, is above the top of the 
engine, and which in large engines is generally composed 
of a pair of thin deep beams of cast iron, united side by 
side into one ; this single beam is brought down in the 
marine engine to the bottom, of the engine, or rather 
one-half of the great beam is placed on either side of the 
cylinder, the two being connected together from the op- 
posite sides of the engine, so as to act simultaneously as a 
single lever. This form of engine, sometimes applied to 
other purposes as well as to navigation, is called, from thia 
disposition of the working beam, the side lever engine. 

Another peculiarity in the marine engine, sometimes 
however adopted in land engines, is the place and ar- 
rangement of the condenser C, which, instead of being 
placed in a cistern of water, is set immediately on the 
centre of the engine, the condensation being wholly 
effected by the play of the jet of water in the interior of 
the condenser, without surrounding its external surface 
with cold water, as in the stationary engine. When 
thus placed, the condenser has also the advantage of giving 
support to the main centre of the engine, around which 
the levers move in giving revolution to the paddle wheels. 

Before proceeding farther with this article, the reader 
is requested to make himself familiar with the parts and 
arrangements of the engine already described, by refer- 
ring to the plates of the marine engines given at the end, 
and to the descriptions of them. 

It will be observed that the air-pump A is generally 
placed on the side of the engine farthest from the cylin- 
der. This arrangement is convenient in point of room^ 
and keeps the moving parts of the engine itself more 
perfectly in equilibriot 



Beside the iur-pnmp is generally placed the feed pomp, 
designed to force water out of the air-pump or dia- 
chai^-pipe into the boiler. This is tiie general dis- 
position of parts, which the reader will easily be able to 
recognise in the plates giren with this article. 

Although the lever engine is the form most commonly 
employed for marine purposes, it is hy no means the 
only form. Very many attempts have been made to 
obtain engines more compact and of less weight and 
bullc than the lerer engine. These are distingnished 
from the lever engines by the names vertical engines, 
steeple engines, and engines of direct connexion. It ia 
still donhttiil whether any of them, except in very pecu- 
liar circumstances, are practically to be preferred to the 
lever engine ; on the contrary, objections of ■ seriona 
nature are alleged agunat them. 

We have already seen that the first steam boat, the 
Comet of Mr Bell, had a vertical engine. It was re- 
marked of this reisel that the strain of the engine on the 
vessel was very small ; but this has been attributed to the 
low proportion of power to the tonnage of the vessel. 

Fig. 5. The first steam vessel 
whose engines we had 
the pleasure of seeing, 
had a pair of vertical 
engines, made by Gutz- 
mer of Leith ; the paddle- 
shaft B being directly 
over the axis of the 
cylinders A, as in figs. 4. 
and 5. 
Modifications of this plan of direct or immediate 
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Gonnexion have been recentljr tried on a larger scale ; 
bat the method hai the diiadrantagei of admitting 
only a abort atrobe and a short connecting rod, uid 
reqairu that the height of the axis ^ore the bottom of 
the cylinder ehonld be at least three times the length 
of the stroke. Thns, one of the extremes, too abort a 
coanecting rod, too short a stroke) or a paddle axis too 
high above the floor of the vessel, is incurred. 

To obtidn the same object without incurring those 
erili, many descriptions of engine hare been contrived. 
The following admits of placing the paddle axis at little 
more than donUe the height of the stroke of the en- 
gine) and gives a connecting rod of 1^ or 2 times the 
stroke. The piston-rod P is inserted into a croas-head 
d d, to the extremities of which two vertical rods d e, 
d e, are attached. With the lower extremities of these 
rods the side-rods gf, gf, are connected; the npper ends 
of these side-rods are attached to the cross-head gg,ta 
the centre of which the crank rod is attached. 



Fig. 6. 



Fig. 7. 
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Thia apedeB of en^ne hu the great diudraiitageB of 
a multiplidty of Bhafts, bearingB, and craolcB. It was 
afterwards simplified by Mr David Napier id the manner 
represented in the following figurei ; viz. by uniting into 
one forked crosB-head each cross-head with its side 
rods. 



Fig.S 



■ Fig. 9. 




Even thus, bowever, limits are placed on the length of 
stroke and height of shaft, so as to give rise to incon- 
renience in many circumstances. To remedy these 
evils, Mr Napier appears to have invented the follow- 
ing clasB of engines, to which the cant term of steeple- 
engines appears to be sufficiently appropriate. In the 
Bteeple-engine the piston-rod is made forked or divari- 
cated, so as, passing round the shaft, to rise above it to a 
considerable beigbt, ftom which again descends the ( 
necting rod to the crank. The following example is that 
of the engine of a vessel named the Clyde, the f 
the kind we ever saw : — 
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Fig. 10. 



Fijf. 12. 




The top of the piston-Fod carries a quadripartite cross- 
head hh, on each end of which stands a pillar h h; these 
fonr pillars again nnite in another qnadmple cross- 
head, sastained npright by a vertical guide ; and it is 
from this summit that a conoectiug rod descends to the 
crank K. We believe that this principle of continuing 
the piston-rod round the axis by a forked frame was first 
devised, at the end of the last century, by Trevitbic, 
the famous high-pressure engineer, and by him applied to 
steam carriages. It is drawn in bis patent specifications. 

After passing through a great variety of phases, the 
steeple-engine appears to have settled down into the two 
following shapes. In figs. 14 and 15, the piston-rod is 
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fleen united to a triangular frame, from tbe apex of 
which the connecting rod descends to the crank. In 
fig. 16, this frame is shown to be iquare, and fig. 13 it 
the side view of both varieties. 



Fig. 13. Elg. 14. f^g. 15. Fig. 16. 




Another method of accomplishing the direct ( 
tion without encumbering the deck, has twice been pa- 
tented: in the last instance by Mr Humphreys. It 
may be called the trunk-engine. The axis is placed 



at the height of half the Fig. 17. 
stroke, or more, above the 
cylinder, and a 
ing rod unites immedi- 
ately the crank pin with 
the centre of the piston. In this way 
the conneoting rod, passing through the 
top of the cyliader, would allow the steam 
to escape but for a large trunk or caung 
with which it is sorronnded, and which, 
passing through a chasm of large area 



Fig. 18. 
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conceived to be steam-tight, rises and falls with the 
piston to which it is attached. In fig. 17, A A is the 
cylinder: to its piston is attached a trunk B, which 
works through a staffing-box in the cylinder cover ; to 
the piston the connecting rod c c is attached. Fig. 18 
represents the top of the cylinder A A, with its stuffing- 
box and the trunk B. 

For a like purpose, oscillating cylinders have been 
used with some measure of success. Rotatory engines 
have been unsuccessfully tried. The reader may now 
examine the vertical engines in the plates. 

In short, it does not appear that any vessel, either on 
a large or small scale, constructed with an engine differ- 
ent from the ordinary side lever engine, has been found 
to be practically superior to it ; and therefore we shall 
for the future speak of the lever-engine of the ordinary 
construction, when we treat of the marine steam- 
engine, unless when another species is expressly men- 
tioned. The lever-engine possesses three advantages of 
an important nature : — ^first, its parts are nearly in equi- 
librio ; secondly, its basis embraces a large part of the 
vessel's bottom for strength ; thirdly, the lever presents 
great facility for working its appendages. 

The Cylinder of the Marine Steam-Engine. — The cy- 
linder of the steam-engine being that portion of its ap- 
paratus, by means of which the elastic force of the steam 
is directly applied to the mechanical arrangements by 
which the force of the machine is developed, is there- 
fore the principal member of the engine, on the size of 
which its power and the dimensions of the other parts 
depend. 

It is according to the dimensions of the cylinder that 
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an engine receives its denomination, and is bought or 
sold. An engine is called a 10> 20> 50> or 100 horse 
povrer engine, according to the number of inches in the 
diameter of the cylinder. It is not to be expected, how- 
ever, that every steam-engine will develope the power 
of a given number of horses, simply because it has a 
cylinder of a given number of inches. This depends 
equally on the proper proportion, construction, and con- 
dition of all the other parts, without which the engine 
will be incapable of doing its proper duty. The engines 
of some makers will develope double the power of those 
made by inferior engineers, even although in name and 
dimensions identical. Hence, the dimension of cylinder 

is taken according to a rule somewhat arbitrary, of the 
value both dynamical and pecuniary of the engine under 
the term nominal power ; and the actual efficiency of tbe 
engine under given circumstances, is called the real or 
effective power. Hence an ambiguity is incurred in 
speaking of the relative powers of engines, when it is 
not determined whether the real or nominal power is 
referred to. An engine of 100 horse power, which ought 
to be capable of giving out an effective power of 100 
horses, may, from bad workmanship, bad arrangements, 
or modified circumstances, only give out the real power 
of 50 horses ; and an engine of the same dimension of 
cylinder, and of the same nominal power, but of better 
construction, may give out, and frequently does give 
out, real and effective power equal to that of 150 horses. 
Real or effective power, and nominal or mercantile 
power, are seldom identical, and should always be dis- 
tinguished from each other* 

Even the nominal or mercantile standard of power is 
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not so perfectly inTariable as may be desired. It varies a 
few inches according to the practice or policy of the 
engineer, who is frequently called upon to give an inch 
or two more in his mercantile dimensions, than the strict 
letter of his agreement might demand. Another cause 
of variation is this, that some engineers will prefer to 
sell a larger actual dimension under the name of a less 
number of horse power, that their engines of a given 
nominal power may apparently do more work than those 
of other people. It is a third cause of variation, that 
some engine makers give more than the actual dimen- 
uon belonging to the power, in order that, under even 
the most unfavourable circumstances, the possessors of 
the engine may derive from it more than the full measure 
of the actual effective power which they require. 

The following table has been constructed from a 
comparison of the practice of the most eminent marine 
steam-engine makers, with the principles of their con« 
struction. But under the dimensions given, the engpbdes 
of best construction will give out from one-fourth to one- 
third more than their nominal power. We know, for 
example, that a cylinder of 74 inches diameter has been 
constructed under the designation of 200 horses, whereas 
its proper nominal power is above 225 horses, and its 
actual effective power, as given out in the ship, was 
more than 300 horses. The contraction H.P. is gener- 
ally used instead of the words horse power. 
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Table of the Dimentiont of the dfUnder of a Marine 
Steam-Engim of given Horse power. 



NOddD.JP 




of Cylinder. 






UngtHofSUoko. 


10 H.P. 


20 Incl.e». 


2 Feet In. 


15 „ 


24 


2 ,. 2 „ 


20 „ 


27 


2 „ 6 „ 


25 „ 


30 „ 


2 ,. 10 „ 


30 „ 


32 


3 ,. 2 „ 


35 „ 


34 


3 „ 3 „ 


« „ 


36 


3 „ 6 „ 


45 » 


38 


3 » 9 „ 


50 „ 


40 


4 „ „ 


60 „ 


43 


4 ,. 3 „ 


M „ 


46 „ 


4 „ 6 „ 


80 „ 


49 „ 


4 „ 9 „ 


90 „ 


52 „ 


5 „ „ 


100 „ 


55 


5 „ 6 „ 


110 „ 


57 „ 


5 „ 6 „ 


115 „ 


57 


5 „ 9 „ 


125 „ 


59 


6 „ „ 


130 „ 


60 


6 „ „ 


150 „ 


62 „ 


„ 3 „ 


165 „ 


65 „ 


6 „ 6 „ 


175 „ 


66 „ 


G „ 6 „ 


200 „ 


70 „ 


7 ., ,. 


225 „ 


73 „ 


7 ,. 3 „ 


250 „ 


76 „ 


7 ., 6 „ 


275 „ 


79 „ 


/ „ 9 „ 


300 „ 


82 


8 „ „ 


350 „ 


87 


8 „ 6 „ 


40O ,. 


92 


9 „ 2 „ 


500 „ 


100 


10 ,. ,. 



This table shows that the power of the st«am-«iigiiie 
increaaes more rapidly than the area of the cylinder or 
the Bqoare of the diameter. By the rule of the square o 
the diameter, the power of an engine of 74 inches woald 
be about 300 instead af about 225; and 100 int 
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meter would give only 333 horse power ; bat the tame 
role woald give too small a diameter for the lower 
powers. We believe that engines of the dimensions of 
this table will all work to more than their nonunal 
power. 

The best proportion between the diameter of the 
cylinder and the length of the stroke, has been the sub- 
ject of much dispute, and of opposite practice. In Ame« 
rica, a diameter of 40 inches is sometimes combined with 
a stroke of 10 or 11 feet, being more than double the 
length given in this country. On the Clyde, we have 
seen the opposite extreme, a diameter of 60 inches with 
a stroke of only 4 feet. For sea-going ships, the pro- 
portions we have given are the most convenient. In 
deviating from this proportion, a longer stroke will be 
preferable to a shorter ; and with the necessary altera- 
tions required for high velocities of piston, a longer stroke 
working the steam expansively is likely to be attended 
with many advantages. 

By means of a long stroke or great velocity of piston, 

considerable advantages are gained. The pressure upon 
the journals and working parts of the engine, and the 
consequent strain, is lessened in proportion to a given 
power. All the parts of the engine might be lighter 
than with a shorter stroke and a greater diameter of 
cylinder. A short stroke has however this advantage, 
that with a given length of lever and connecting rod, 
the angles of oblique pressure are smaller, and the 
intervals of time between maximum and minimum pres- 
sure are shorter. There are other peculiarities of 
smaller importance. On the whole, a longer stroke 
than that of the present British engine, as given in the 
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table, is to be reckoned conaidersbly preferable to ■ 
flhorter one. 

The Telocitjr of the piston in tbe cylinder of a. iteam' 
eng:ine is generally reckoned in this country at 220 feet a- 
mtnute, and all the arrangements of the engine and iti 
work are made on that principle. We can find no better 
reason for this than that a horse going at that speed, 
viz. two miles aa hour, can draw 150 lbs. eight honra 
a-day, all the year round. Tredgold finds it to be a 
law of natnre. It is strange how much this arbitrary 
dogma, transmitted without question, has retarded the 
improvement of steam navigation. It is a rule as uni- 
versal in its acceptation as it is groundless and inja- 
rions. With large condensers, and large ports and valveS) 
double the speed may be employed with great advantage. 

The Condenser and Air-Pump, — The condenser is 
the most wonderful part of the marine-engine, as indeed 
of the ordinary steam-engine. It is here that the whole 
process carried on in tbe boiler in so great hulk, and at so 
much expense, is instantly reversed, and all its laborions 
effects at once, as it were, annihilated. It is the instan- 
taneousnesB of condensation that is its virtue : without 
this the whole of its virtue in the steam-engine is lost. 
Suppose a condenser capable of condensing the steam aa 
fast. as it is generated by the boiler, and given off in 
the cylinder, and no faster, what would be tbe conse- 
quence ? Tbe power of the engine would cease, the 
elastio force of the steam above the atmosphere would 
alone act> the steam being only condensed as the piston 
carried it out of the cylinder ; the engine would become 
iiothiag else in power but a high-pressure engine, whose 
steam » merely condensed \ 
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atmofphere. It is by forming a perfect yacanm in the 
cylinder on the moment when the steam is abont to 
enter on the opposite side, that the full power of the 
steam can alone be obtained in useful e£Fect. A perfect 
condenser mnst> therefore, have much greater capability 
than that of merely condensing the steam as fast as the 
boiler is capable of evacuating it, or the engine of 
passing it through. 

We have insisted the more strongly on this point, 
inasmuch as it is here principally that power is to be 
gained at smallest expense. Many other modes of con- 
densation have been tried besides condensation by jet, 
and without effect. Newcomen tried to condense by 
cold water outside his condenser ; so did Savary, so did 
Watt, so did Cartwright, so did Napier on the Clyde, 
so did Stevens of Hoboken in America, so did Trevi- 
thic, Symington, Mills, and many others ; but without 
success : for though they all succeeded so far as, by hav- 
ing cold water on the outside of the vessels, to condense 
the steam in the inside, yet this condensation by con- 
tact, however perfect in quantity, has always been 
slower in time than condensation by jet, and has conse- 
quently failed in developing the full power of the engine. 
In this list we have not mentioned the name of the 
ingenious and enterprising Mr Hall of Basford, as he 
still continues to persevere against the difficulty of in- 
troducing successfully into use the system which has baf- 
fled the efforts of his predecessors; and perhaps his 
attempt may be attended with a higher degree of suc- 
cess than theirs. 

It appears difficult to assign a volume to the con- 
denser which shall give it most efficiency. We have 
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seen efficient condeDsen from one fourth of the volume 
of the cylinder up to ita full size. One-half the volume 
of the cylinder appears to be a size anfficieatly con- 
venienC and effective. 

The proper distribntion of the water forming the jet, 
throughout the whole volume of the Gondenaer, se«iia 
the moat important point of efficacy in the condenier. 
Some enpneers accompiiih thia by allowing the water 
to riae from the bottom of the condenser in a jet 
which Btriking the top, falls down in a ahower, filling 
the whole condenser ; others make thia shower radiate 
in all directions from a perforated horizontal pipe ; and 
a third most effective method is, to spread out the jet 
in a thia film or sheet, like a waterfall, through wfaicli 
the steam is compelled to pass. In marine engines, the 
water is permitted to flow into the condenser through 
a pipe in the ship's aide, regulated hy a cock. 

Much has been said regarding the perfection of the 
vacuum found in the condenser of a ateam<engine, espe- 
cially a marine engine. It does not appear to be known 
that a vacnam may be too good. We hear it boasted 
every day by rival engineers that their engines have the 
best Tactinm. Some boast their vacnum at 27 inches, 
others at 28, others at 29, some at 30, and at last an 
engineer appears who boasts a vacuum of 30^ inches. 
It is to be regretted that time and talent should be thus 
wasted. It is a fact of great importance, confirmed by 
experiment and by practice, that a vacuum may be too 
good, and become a loss instead of a gain. The truth 
is simply this, and should be known to every engineer ; 
If the harometer stand at 29^ inchea, the standard oftliis 
country, the vacuum ts "^^ ^MBlBlfffT" " '^''° "O^^ 
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ifii raise in the barometer more than 28 inches of mer^ 
cury. This important truth is incoDtroyertible, anid is 
practically exhibited every day. 

The following is a simple proof of this doctrine, di" 
vested as far as possible of a technical form, and pat in 
the shape of an enquiry into the best state of a con- 
denser. 

Let t = the caloric of water of 1^ 

c = the constituent caloric of water in the state 

of steam. 
e = the total force of steam in the boiler in inches 
of mercury ; 
and X = the elastic force of steam at the temperature 
of best condensation which we seek to dis* 
cover. 
Then from the law which connects the elastic force of 
steam with temperature, as already determined in our 
treatise on Steam, it follows, that in the case of maximum 
e£Fect, or the temperature of best condensation, 

— = — that 18 4:=: — 
€ e c 

now c= 1000, and if the steam in the boiler be at 5 lbs. 

above the atmosphere, or if e = 40 inches of mercury^ 

and / = 1, 

40 

^=io6o = ^-^^ 

Again, if the steam be at 7^ lbs. = 45 inches, 
Again, if the steam be at 10 lbs. =z 50 inches, 

*=iw=o-o5 
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Heiice> we find that the best elasticity or temperatiire 
in the condenier depends on the elastic force of the 
■team in the boiler. 

With steun of 5 lbs. in the boiler, the elasticity of 
maximnm effect in the condenser is at 93" of Fahrenheit, 
and the best Taonnra in the barometer is 28. With 
Btoam of 7^ lbs. m the boiler, the elasticity of tnaxtmnm 
effect in the condenser is 95" of Fahrenheit, and the 
best Tacnom in the barometer is 27.8. With steam of 10 
lbs. in the boiler, the elasticity of maximum effect in 
the condenser is 97°, and the best vacuum in the baro- 
meter is 27.5. In like mnnner it wonld be found that 
with steam of 50 lbs. in the boiler, worked expansively, 
as in Cornwall, the best vacuum in the condenser would 
be about 26° on the barometer. 

It is hoped, therefore, that en^neers will not in fu- 
ture distress themselves, at finding the vacuum of their 
condenser much less perfect than the vacuum of others 
who have obtained 30, and 30^ inches, at so great a loas 
of fnel and power. To obtain a vacuum of 29^ with 
the weather-glass at 89.75, and steam at 7^ lbs., would 
be to sacrifice foor horse power out of every hundred. 
In a day when the barometer is as low as 28^ inches, 
the vacuum in the condenser should indicate 26.8. 

In speaking of the vacuum in the condenser, it would 
save much ambiguity to indicate the elasticity merely of 
the gas in the condenser. Thus, if the barometer stands 
without at 29J, and the barometer of the condenser at 28, 
it might be stated that the steam in the condenser stands at 
I J, beingthe point of maximum effect; and the indication 
would at oil times convey more precise informutioii, 

r-pump is an appendagftjCM^Bflgd MCCessary by 
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the condenser, and especially by condensation by jet 
d^eau. Ordinary water contains about 5 per cent, of 
air and other gases, which become disengaged in the 
condenser, and must be withdrawn, to maintain the 
yacunm. Hence the air-pump, which is also used to 
withdraw the water which accumulates in the conden- 
ser. A yalve between it and the condenser is called 
the foot valve ; and a valve at the exit from the top of 
the air-pump is called the discharge valve. They are 
thus arranged : S the cylinder, C the condenser, A the 
air-pump, F the foot valve, and D the discharge yalve. 

Fig. 19. 




The dimensions of the air-pump seem to vary from 
J to } of the volume of the steam cylinder. I do not 
know any disadvantage of importance in having a large 
air-pump ; as, if properly constructed, the force which is 
required to work it will he nearly in the proportion of 
the elasticity of the gas which it has to remove from 
the condenser. To give the air-pump half the stroke of 
the cylinder and J of the area of the cylinder, or } of 
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the stroke of the cylbder and ^ the area of the cylinder, 
are common proportiooB. 

Tkt Valve* and Valve Piutages—The notion that 
became a horse can do most work at the rate of 2j 
milei an hour, or 220 feet a minute, therefore a Meam- 
engine should also move at that ratO) ii n prescripttTe 
error almost ridiculous ; but from which it will never- 
theless be difficult for us to escape, especially as the pro- 
portions generally in use are derived from this absurd 
dogma. There is no doubt that the passages and valves 
should simply be as large as possible, and those valves 
should be used which can be most enlarged with least 
inconvenience. Soch valves we possess in the class of 
equilibrium valves. These valves may have an area as 
large as the tenth-part of the cylinder without disad- 
vantage, and the velocity of the piston may thns be in- 
creased, and consequently the power of the engine, with 
great advantage, especially in steam navigation. Wo 
have the best possible means of knowing, that with pro- 
per valves and passages, the speed of the pbton may 
very advantageously be increased to S50, 300, 4>00, and 
500 feet a minute. The pistons of the swiftest vessels 
in the world move at that rate. 

The kind of valve most commonly in use in steam- 
vessels is the long D-slide, as it is called ; and next to 
that is the short D-slide. There are scarcely any other 
kinds in use in Britain. A valve called the fonr-port 
slide valve has been used to a limited extent, as have 
also conical valves, and equilibrium valves, or double beat 
valves in this country, the latter very extensively in 
America. The following are diagrams of the long and 
short D-slides. 
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Fig. 20. Fig.Sl. 




The four- port stide valve is a recent invention, baring 
been tbe subject of a patent so lately as 1S33. Since that 
time they bave been nsed to a consideiable extent in 
one part of Scotland. The Bame kind of valre wm 
subsequently patented by another party in England, and 
these valves were put on board of some of her Majesty's 
frigates. 

Fig. 22. Fig. 23. 




Figures 22 and S3 represent tbe four-port slide Talve, 
in two positions. A the cylinder ; pp the piston j 8 
the steam-pipe; WW the slide Talres. The arrows 
show the direction of the Bteam. 
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The eqnilibrinin ralre will be foand fully described in 
oar treatise on the Steam- Engine. 

The size of the rdres is a matter of Mme center 
qoence. That the valves, paiBages, and porta by which 
the steam enters the cylinder should allow a free pai- 
SBge of ^ of the area of the cylinder, is an old and pretty 
general mle. It ia equally certun, howerer, that the 
edoctiou valves, ports^and paas^es by which the steam 
enters the condenser should be much larger. They 
hare been made -^th and il^yth of the area of the cylinder 
with advantage, in the case of high velocity of the piston. 

The Eccentric^— The valves, by means of which the 
steam is alternately admitted to the cylinder' on one 
side, and edacted from the other side, into the condenser, 
are moved by the machine itself; and the very simple 
and beautiful antomadc contrivance for that purpose is 
called the eccentric. 

We have fully described the action of the eccentric in 
the treatise on the Steam-Engine. In the marine en- 
Fig. 24. 
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gine it U placed on the axii of the paddle wbeali. In 
fig. 24 it! ntnal smiigeineiit ia ahown, and in the PlatM 
many example! will be found. 

Aa the Bhaft A moTes round, it ia plain that the pro- 
j action of the eccentric, first on one aide of the ahaft and 
then on the other ude, will dntir the eccentric rod in op- 
potite directions; and the distance of the centre of the 
eccentric from the centre of the ahatt, will be placed now 
on one side and now on another side of the axia. The 
motion thus produced is called the throw of the eccen- 
tric ; and half the throw is equal to the eccentridty. 

An importantpoint in setting the ralreaii what ia called 
the lead*on the centres. What ia the best instant of time 
at which to allow the steam to enter or escape from the 
cylinder? At first sight we should say, precisely at the 
instant of rerersing the direction of the motion. This 
is not the case. Great advantage is gained by letting 
the steam out of the condenser before the end of the 
stroke. A little of the force of the steam in the cylindw 
may thus be sacrificed ; hut it is a very little, say ^th of 
the stroke, and is much more thau compensated by 
this, that the steam escaping thus early into the con- 
denser, time !s allowed for effectual condensation, and 
there is an excellent vacuum in the cylinder by the time 
when the back-stroke begins. In like manner, the steam- 
port may be slightly opened before the engine cornea to 
the centre ; and as there are vacuities at the top of the 
cylinders to be filled, and as time is wanting for the 
passage of the steam, this is allowed. By the same 
means also the steam is cut off a little before coming to 
the end of the stroke, which allows the engine to work 
expansively ; and the vacnnm port may in like manner be 
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chnt, as tbe t^ovt will have been perfectly condensed 
in the cylinder lung before the end of the atrolie. Mach 
of the effidency of an engine depends on the adjuatment 
of the slide. 

The eccentric of the marine engine ia generally a 
loose eccentric, capable of turning the valrea either so 
as to give the engine motion forwards or bachwardi. 
By placing tbe eccentric looae npon the axis, only with 
a projection on one side, which is carried round by a 
corresponding projection on the axis, it is left free, ex- 
cept when this check comes in contact with the projec- 
tion at either end of the stroke. To effect this, it ia 
necessary to open the valres by hand through at least 
one half-atroke. 

7%« ffand-Gear. — Tbe hand-gear is generally a lever 
or series of levers, which enables the engineer to ahnt 
and open the valves by hand before placing them in con- 
nexion with the eccentric. By this means he places the 
machine either in the condition to keep moving forwards 
or backwards. For examples aee the Plates. 

The Expansive Valve». — It ia of advantage to cut off 
a part of the steam which would be required to fill the 
cylinder, so as to allow that quantity which hag partly 
filled it to expand with its elastic force, and fill the rest 
of the cylinder without further supply from the boiler. 
The advantage of doing thia, especially in long voyages 
has now become pretty generally known. A atop- 
valve y, fig. 25, is placed on the steam>pipe 6 B'; 
before it joins the casing of the common valves, which 
are applied as usual. The principal axis A of the' 
engine carries a cam, with two prtgectiona an propor- 
tioned in breadth to the extent of the stroke which i^M 
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Fig. 25. 




ont off. On thU 
cam roUi a imall 
pnUey b, prened 
clote by k veiglit 
w ! snd hj a 
umple oonnecting 
rodthecunopeng 
SDd ihnU the 
ralre with great 
veiloaty tiriee in 
enoh rerolntion. 
On thia cam there may be various grades at whidi the 
steam may be cut off in the stroke of the engine. Thii 
apparatus is nsediu all vesselt calculated for long voyages. 
The Proportion of Power to Tonnage. — Large power 
or small power has always been one of the vexatcB qua- 
tiones of steam navigation. The early steam-boat en- 
gines had bnt a small power proportioned to the ton- 
nage of the vessels in which they were placed. The 
Comet had 25 tons burden and only three horse power ; 
being about one horse power to eight tonsi or a pro- 
portion of power to tonnage amounting to one-eighth. 

On this subject modern practice and modem ojnaion 
seem to offer no gntde. A low proportion of power 
and a high proportion of power have both their advo- 
cates. The East India Company have advocated and 
Dsed low proportions of power to tonnage, and in this 
they appear to hare followed the general maxims of 
sonthem engineers. The Government also appears to 
have adopted the same course ; bat without going to the 
same extreme. The Clyde engineers adopt the oppo- 
site maxim, and place as much power in their vessels as 
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can be conveniently applied. There appears at the pre- 
sent moment to be a stroDg feeling in favour of a high 
proportion of power to tonnage. It has been found by 
some of tbe twst mercantile companies, that a high pro- 
portion i> not only better for expedition, but alto more 
economical of fbel and of capital than a smaller propor- 
tion; and instances are frequent of an increase in the 
power of a steam vessel, producing a diminution in the 
consumption of fuel. 

As this qnestion ia becoming every day of greater 
importance, it is proper to examine it carefully. In the 
6rst place, it is well known that the proportion of power 
must be very much increased to gain a given increase of 
speed. Thus, if 10 horse power propel a veiiel through 
water five miles an hour, it will require 40 hor^e 
power to propel the same vessel ten miles an hoar, or it 
will require a quadruple power to obtain a double speed; 
and, in like manner, it will require a ninef<^d power to 
triple the speed. In fact, the increased speed requires 
on increased power in a duplicate ratio of the increased 
speed ; or if the speeds be as the numbers 1, 2, 3, 4, 5, 
9, 10, &c, the power required to attun those speeds 
must be 1, 4, 9, 16, 25, 81, 100 horses ; or according to 
the well known law of the resistance of fluids, the re- 
sistance which the water opposes to increased speed is 
nearly in the duplicate proportion of tbe speed. Thus, 
to increase tbe speed in a given proportion, tbe fire of 
the engine and the consumption of fuel, which is nearly 
as tbe power of the engine, must be increased in a very 
high proportion. Hence the seeming greiU eeonomy of 
a low power of en^ne and a small consumption of fuel. 

Thns a large povrer of engine occupie^ 




•86 8TSAH KATIOATIOK. 

the uuful ipKce of the tcvmI, which might lutrs been 
filled with cargo. It consnracfl macli coal) and ttie *peed 
i» h]r no meane proportioned to the expense of fael itnd 
inai:hinery. But this i* « rery iimited view of the snb- 
Ject. If time ai an element, and a very important one 
in the ralne of mercantile oonreyance, be calculated, 
then it will in many cases be found, that h\gh speed at 
any expense of fuel will compensate for that expense- 
This is the caw to a great extent in Britain, and 
especially in America, where a quarter ofa mile an hour 
between the speed of two vessels rains the fortune 
of one owner, and makes the fortune of another. But 
it is not on the ralue of speed at the present day, that 
we proceed in this enquiry ; that can at once be appre- 
ciated by the local peculiarities of a giren case. We are 
to enquire what may be the best proportion of powt-r 
to tonnage in sea-going vessels, apart from the mtre 
price of speed in the market. 

We bare seen that the lowest speed in a steam vessel 
is the most economical, and that it requires great and 
expensive additions of power to gain high velocities. 
But in arriving at this conclusion, we have taken only the 
case of smooth and still water. Here it is obvious that the 
slowest rate and smallest power will be most euonomicnl ; 
but it should be remembered that tho great purpuses 
of steam are generally of a different nature from the 
mere generation of motion through a quiescent fluid. 
The force of adverse winds and waves is to be opposed, 
stream tides and currents are to be stemmed ; and it is 
the success of steam in conquering those obstacles, and 
obtaining regularity and speed in spite of them, which 





HnriHBR! 





PBOPORTIOK OF POWKR TO 

constitntes its niperiority over wind or onitDBl power in 
navigatioD. 

Xov, if we lake a aimple case of one of these, we 
shall soon find that a higher proportion of power to ton- 
nage may be essential, not only to speed, but even to 
economy. Suppose a steam boat with a small propor- 
tion of power, capable of propelliny; the vessel at the re* 
locity of three miles an hour throngli still water, to be 
applied to stem a carrent of three miles an honr, is it 
not pltun that the vessel would make no bead way, and 
thus a low proportion of power would bum an immense 
quantity of coal in doing nothing but standing still P 

Let us again suppose that the same vessel, capable of 
steaming three miles an hour, meets with a moderately 
strong breeze opposed to her, snch as prevents her from 
making any progress at all against it; then it is plain 
that by the continuation of this breece, the vessel burning 
a continual supply of fuel would consume an indefinite 
quantity of coal in standing still. This extreme case of 
too little power, shows that there is at least one pfopof- 
tion of power, which is too small for economy of fuel ; 
viz., that proportion which, being very economical of 
fuel in fine weather, is brought up altogether by adverse 
winds. In this case, the consumption of fuel is rendered 
indefinite, and the useful effect of fuel completely anni- 
hilated by too smal a proportion of power. 

As, then, we have plainly established the existence of 
a limit to diminution of power, in the vicinity of which 
it must be followed by extravagant consumptioa of fnel, 
we may now proceed to investigate the question of best 
proportion, or ttie point where the attainment of high 
speed is accompanied by absolute saving of fuel as 
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compared to lower velocity. For this purpose, we 
merely take it for granted that the speed through 
the water will be nearly as the square root of the 
power, according to the general law of the resistance 
of flaids ; that the resistance offered by bad weather 
or adverse winds has been ascertained and is de« 
termined on a particular station: that is, that it is 
known that on a g^ven station a g^ven vessel with a g^ven 
power makes a voyage in adverse drcomstanoes in, 
sappose, doable the time of her most prosperous voyage ; 
say her most prosperous voyage is in fourteen days, and 
her adverse voyage in twenty-four days, being a retard- 
ing power of ten days out of twenty-four ; we take this 
retardation of ten days as the measure of the retarding 
power of adverse weather in the g^ven circumstances. 
And farther, let the following quantities be thus re- 
presented : — 
Let h be the power, v the velocity, f the fuel ' 

consumed, t the time in good weather, 
Let A' be the power, t/ the velocity,/*' the fuel 

consumed, the time in bad weather, 

Let h" be the ppwer, t^ the velocity, y the fuel "i in anouier 

consumed, t" the time in good weather, I ^^er 

Let k" be the power, ^' the velocity,/"' the fuel ^ ^^^ 

consumed, T' the time in bad weather, J "tattoo. 

Also, let Jc represent the consumption of fuel per horse 
power per hour, and s the length of the voyage or dis- 
tance performed. Then 
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t/ r= a given quantity. 
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/■ = '*■; 



'hi 



f 
hence 



= "'^ -|(.t)'-.+ .{- 



Putting/'" = «, A" =: jr, and differentiating, we get 

whence hy redaction, in the case of a minimum, we ob- 
tain the Talae 

;=: = 8 i '' ~ '^' (A.) 

Whence we obtain the very aimple rule for finding the 
beat proportion of power to tonnage: From the iqva.Tt of 
the velocity of any given vetael in good weather, nthtraet 
the square of the velocity of the same veaiel in the worst 
weather, divide the difference by the square of the velocity 
in good weather, and the quotient, nrnligilied into double 
the horse power of the said vessel, will give the power 
which would propel the same vessel in the same eircwm- 
statmes with the smalteat quantity of fuel. 

We have also from (A) A' = 2 A *'irr? 

(B)t.'=: v'2(b« — i/*)* 
(C)w"=(t'— w")i 



(D)/-= ^2!l^„._r«y 
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It appe«ra from the compnrison of (B) with (C), that 
B tpsspI hus its power in the most economical proportion 
to its tonnage on a given station, when its wont rojrage 
does not exceed tlie time of its best in a graater propor- 
tian than ^^ to 1 ; that is, tlian I4> to 10, or 7 to 5. 

From (D) and (E) it furtlier appears, that in a vessal 
whoso power is thus proportioned, the consumption of 
fuel in the worst voyage will not exceed that of the best 
Toyage in a greater proportion than 10 to 7 ; that ts to 
say, for 70 tons of fuel burned in a good voyage, it will 
not be necessary to carry more than 100 tons, in order 
to provide against tlie worst. 

Let US take as an example a Transatlantic steam ship, 
which has a proportion of 1 horse power to 1 hrna t^ 
capacity, her unfavourable voyage between Elnglaad 
and America being twenty-two days, and her favourable 
voyage fourteen days, a comparative velocity of 7 and 1 1, 
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^ -^nearly. 



Hence, the power of such a vessel should be increased 
in the ratio of six to five ; that is to say, the engines at 
present capable of exerting a power of 500 horses, 
should have been capable of exerting a power of 600 



PROPORTION or POWER TO TONNAGE, SOi 

horsee, aod wonld in thia case hare coDBomed less fuel, 
as well as have produced greater regnlarity &nd a higher 
velocity. 

The followiog results are obtained :— 
The vessel of less power bams thirty tons per day, per- 
forms the distance in foarteen days, consuming 420 
tons of coals in fair weather. 
The vessel of less power bums thirty tons per day, per- 
forms the distance in twenty-two days, consnming 660 
tons of coals, in foul weather. 
The vessel of greater power bums thirty-six tons per 
dny, performs the distance in twelve and one-half 
days, consuming 450 tons of coals, in fair weather. 
The vessel of greater power bums thirty-six tons per day, 
performs the distance in 17^ days, consuming 630 
tons of coals, in foul weather; being a consumption of 
30 tons less fuel, and performing the voyage in four 
and a half days less than the other. 
It is manifest that the store of fuel carried in the ves- 
sel with less power, must on all occasions be equal to 
the greatest consumption of fuel, that is, to at least €60 
tons, whereas 630 tons will be sufficient for the vessel of 
greater power ; and as in all vessels for long voyages, 
coals carried are mnch more costly than the mere price of 
coals, or as the freight of the vessel is more costly than 
the fuel, coals carried are to be reclconed at least as ex- 
pensive as coals burned. Moreover, as the gain in time 
and in capital is four one-half out of twenty-two, being 
aboot 20^ per cent, it is plain that the vessel may b« 
calculated to perform the distance oftencr in a yi 
cause as the times of starting must alwny s be regulated, 
not by the shorter bnt by the longert period of a voyaf 
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seventeen one- half days in the one case, stand in the 
place of twenty- two days in the other. 

As another example, let us take the case of a vessel 
calculated to stem the monsoon in the Indian seas. A 
vessel of 600 tons and 200 horse power, steaming in fair 
weather at the rate of eleven miles an hour, has been 
found to have her speed diminished by the monsoon to 
five miles an hour. What would be the best proportion 
of power in such circumstances ? 

A'=2 /* — - — = 2 __ = -— nearly* 

Hence we see that the power being increased in the 
ratio of sixteen to ten, that is, engines of 320 horse- 
power being substituted for those of 200, the speed on 
the quick voyage would be twelve three- fourth miles an 
hour, instead of eleven, the speed against the monsoon 
increased from five to nine miles an hour, with a saving 
of coals amounting to forty tons out of 320 ; and when 
it is remembered that the voyage for which eighteen 
days would be required as continual allowance in the one 
case, might always be calculated on as performed in ten 
days in the other, the advantage is placed beyond all 
duubt. It appears, therefore, that for long voyages es- 
pecially, great advantages in point of economy, certainty^ 
and speed, ar^ to be obtainiBd by the use of vessels of a 
liigher power than usual ; and that, in a given case, the 
best proportion of power to tonnage may readily be de- 
termined from the rules already given. 

In regard to absolute or definite proportion, it may be 
stated as the result of the best vessels, that the propor** 
tion of power to tonnage should not be greater than 
ope horse power to two tons; the greater proportion 
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hoMiDg iit the smaller, and tlie less proportion of power 
ia the greater vessel. 

The Proportions, Form, and Mechanical Struclure of 
Steam Ships. — In the treatise on ship building, the reader 
will find the elements of constmction of ships developed 
and applied in a satisfectory and lacid manner. TliQre 
hQ will also learn, that naval architecture is scarcely, 
recognised as a sdence in England. The reader will 
therefore be prepared for the announcement that the 
proportions and structure of steam vessels is an enquiry 
which has hardly sa yet systematically commenced ; and 
it IB with much hesitation that we set the eicample of en- 
deavouring to eliminate from the rude mass of practical 
truth and practical error, some general results worthy of 
confidence. We may premise, that the drawing and 
finding the displacement, centres of gravity, and buoy- 
ancy, and the calculations of stability, &c., may be per- 
formed for steam ships by the methods, and on the prin- 
ciples developed in the treatise to which the reader has 
already been referred. 

The proportions of steam vessels were originally taken 
from Biuling vessels ; the length being three or four times 
the breadth. Six breadths to the length is now a common 
proportion. The proportion of depth varies with dimen* 
sion, being about one-half the breadth in vrasels.of 100 
tons, two-thirds of the breadth in vessels of about 600 
tons, and three-fourths of the breadth in vessels of 1500 
tons. The qualities of a vessel depending much on its 
form, it is not possible to deduce a very precise rule for 
proportion abstracted frost shape ; but the following lisi 
of dimensions is deduced from a comparison of the di- 
mensions of the best vessels, and will serve as a standard 
of rereren(^ for the existing state of pr&cUoe. The follow d 
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iigan dimaniioni of fluk-decked Teweliwitkoat pooptar 
fbrecutle. Wbere tbeHexut,th« depth moat be dimiaiib- 
ed M u to Iwre the mean depth the laine. Thai, in 
die table, a roMel of 160 feet long by thirtj feet bwa, 
baa twenty feet depth ; but with a half-poop ahe wooU 
require to be only about eighteen oae-half ftet deep. 

Tidlt of Dimauiont of Sea-gnng .Steam Venelt of (Ae 
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The tfoia of the ihip, of cmme, afiecU rery nuteri- 
■lly its qnaliUe§, and the choice of proportions to prodou 
those qa&Uties. The dimensioni in this tahle ftpplf to 
reuela of fine proportioaH, having a fine entrance and 
nm, and a side nearly upright. If however the area of 
the load-water line be very large, the vessel will be mn 
easy even with these extreme dimensions ; and in snch a 
case the beam in the table u rather excessive, while 
the height might probably be augmented without incon- 
venience. Again, if the midship section of the vessel be 
very square, or merely rectangular, these dimensions 
will suffice. If however the bilges be round, and the 
sides slope outwards, more breadth may be usefully em- 
ployed, so as to leave the breadth at the load-water line 
nearly equal to, or rather greater than, the beam g^en 
in the table. 

Biver steam vessels are, in this country, and esped- 
ally on the Thames, made of great length in proportion 
to beam. Some of the swiftest river boats have their 
length equal to seven, eight, nine, and even ten times 
their beam, with advantage. In America they often have 
twelve times more length than breadth. 

The Form of Steam Ve»»el». — To determine the best 
fbnn of a steimi-sbip may appear to be a much simpler 
case rf the great problem of naval construction, than the 
formation of a siuling vessel. The principal desideratum 
in a steam-ihip being the power of going fast throngb 
the water in the single direction of the propelling power, 
diis case of the problem appears to approach much man 
dosely to the construction of a solid that shall receive 
the least resistance in passing through the watw, dun. 
to the ease of the sailing vessel, which has to work v 
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ft propelliDg power whick Ii ^ensnlly in KHne other 
direction tban that in which the tsimI ii deng:ned to 
make wajr. Jo tbii poiot of Tiew, the problem of the 
stflsm ship if really a limpler ewe of the general pro- 
blem than that of the sailing veiwl. Ifj however, the 
■team ibip ii also to be a good aea boat, and to work on 
■ome occaiiong under canvais alonet aa well as under 
Steam alone at other timnv, the problem at once assnmei 
an aspect more complex than that of either problem taken 
by itself. 

There is, however, a single fact which ii important, 
as it very much simplifies the subject. Vessels built 
expressly for the purpose of Bteaming, and adapted 
for that purpose in the best possible way, have been 
found, when under canvass, to equal the fastest ships 
in sailing qualities. Their great length and fine ends 
prevent tbem from falling to leeward ; their fast for- 
mation adapts them for going through the water; 
their boilers and machinery form a well placed and 
well distributed ballast; their fine ends and flaring; 
bows render them lively as sea boats ; and the small 
amount of their midship section, and small resistance, 
give them great speed under comparatively little can- 
vass. This practical fact, that a vessel formed exclu- 
sively for steaming, and adapted for that alone, in the 
best passible manner, is found to be a good and fast 
ship under canvass, greatly fadlitates the enqoiry con- 
cerning the best form of a steam ship. To this we now 
add another confirmatory Act, that the fastest schoon- 
ers, cutters, smugglers, yachts, and slavers, approach 
more nearly to the form of the best steamers than any 
other class of suling vessels. The problem of the. best. 
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form of a steam-ship becomeg thus not on]y simpler, hvt 
doubly interesting, from the reflex inflnence it may W, 
expected to prodnce on suling ships. 

It is difficult, without going into minute technical, 
details, to explain the peculiarities in the shape of the 
. best steam ships. The present state of practice shovs 
that systems perfectly opposite are adopted by different 
bailders. It is at all times difficult to convert into ver- 
bal statistics forms so delicate and complex as the anr- 
faces of double curvature formed by the bottom of a 
ship : but the following considerations of a general na- 
ture may probably be intelligible. 

In the formation of steam- ships, it has been stated that 
there are opposite schools. One adopts and advocates 
a sharp bottom, a great rise of floor, great beam, exten- 
sive bearings on the surface, round sides, round water- 
lines, adopting altogether the formation of a full, cspa- 
cious, stable, sea-going ship, only employing snch dimen- 
sions and proportions as are given in the table of di- 
mensions already produced. Another school adopts a 
flat bottom, long floor, more angular bilge, upright sides, 
stnught entrance, clean run, sharp ends, comparatively 
small moment of stability, formed with the idea of going 
directly through the water in all weathers with the least 
proportion of resistance, and tbe smallest uhange of po- 
sition. A third school, of recent origin, adopts the hollow 
wave lines and new formation, of whith the prindples 
have been established by the writer of this article 
The fastest steam vessels of the present day are built on 
this principle. 

The question of form may be taken up nnder several 
heads. 
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The Tramverse Section, or ilfi^^Atjw— The timplMt 
tnd one of the earliest sections of a steam-vessel is the 
rectangle, fig. 26. the bottom being flat, the sides reiticaly 
and the bilges almost angular. This form is rendered 
necessary when the breadth of the vessel over the paddles 
is to be rendered as small as possible. But this fonn, 
although it gives the greatest capacity when the breadth 
and depth of water are limited, is at once weak at the 
bilges, liable to crankness, and uneasy at sea. To re- 
medy these evils, the bilges have been rounded, and the 
floor sharpened, in order to give more easy lines on the 
bottom, and an easier bilge, as in fig. 27. 

Fig. 26. Fig. 27. 
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And again, this method has been carried to an extrcane^ 

or with the intention of producing the best possible 

sea boat, by making the floor very sharp, and the rides 

extremely round, thus : 

Fig, 28. 

But such boats are 
both unstable at 
sea, and pitch most 
violently. The next 
modes of construc- 
tion have had for 
their object to pro- 
duce the greatest capacity with the least material, and 
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Iea>t HuAee of kdhesion to the water. For this pnrpoH 
nmJGirenlu- and elliptical bottoms hftre been tried, thna: 
Fig. 29. -pig. 30. 




Bnt botb of these, and especially the former, althongh 
well sailed for fast steamers, hare a great tendency to 
oscillate coBtinually, and roll with great latitude at sea. 

Itappearsfrom experience, that there is ^at difficalty 
in determining that section of vessel bestsuitedtoasteam- 
TesseL The rectangnlBC figure first given is, as we hare 
said, at once weak, and crank, and nneasy. The sharp- 
ening of the bottom, as in the figures which follow it, 
remuTes the engines up from the floor, and effectively 
diminishes the height of the engine-room, as well as ren- 
ders the vessel crank, by raising the centre of weight, and 
of the engines, &c., too high ; and if, to counteract this 
evil, the beam at the surface of the water be increased as 
in the third section, the vessel is rendered laborious, un- 
easy, and ineffective at sea by the excessive beam. Again, 
in ^ round bilges the ressel swings like a pendnlnm, 
aod it seems as if her oscillating would never stop. 
From the multitude of practical experiments which hare 
oome onder our notice, we are led to the fioUowiog era- 
diuions. 

1. That the emitenoe of a fixed mass in the shape 
ttf en^e md boiler^ '^''^f ^ ^° ""'"^ " 
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mining tbe midsbip section of a sbip inapplicable to 
steam-sbips ; and tbat the form must be determined with 
immediate reference to these. 2. That the engines of 
a vessel of 300 horse power occupy a space of about § 
of the beam of a ship, which necessarily is perfectly 
flat ; and tbat the engine can only be firmly connected 
with this floor of tbe ship by being placed as directly in 
contact with it as possible ; and further, that the weight 
of the said engine must be placed as low as possible} on 
account of the place of the paddle wheel ; all of which 
desiderata can only be obtained by making the floor 
of the vessel parallel to the bottom of the eng^e. 
Hence the bottom of the ship should be nearly flat across 
about § of her beam, thus : — B to B, fig. 31^ nearly flat, 
E E tbe engines. 3. Tbat no displacement is desirable on. 
each side of the engines beyond what is required to give 
an easy turn to the bilge ; for it is found, as indeed 
Fig. 31. it should be expected, that 

all displacement on each: 
side of the engines, at the 
lower part of the bilge, 
being vacant space, or very 
inefficient stowage-room^ 
is not only wasted, but 
tends to impair the stabi-. 
lity and sea- worthiness of tbe vessel; and, furthe||the 
engines being placed low, a species of stability of the 
most valuable nature is obtained. 4. That there are tWA^. 
ways of obtaining stability ; one by having the weights 
of engines and boilers as low as possible, which is^ 
obtained by the means already described, and by depth 
u\ the water; the other. by coijaiderable, b.eam^ Now,^ 
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beam in excess is one of the worst featares of a steani 
vessel. It produces a rolling oscillation, when the wind 
is in any degree on the beam, which impairs exceedingly 
the action of the paddles ; it gives a species of roll, which 
is at the same time most distressing to passengers, and 
most injurious to the ship. All these bad effects are 
diminished, and can alone be corrected, by obtaining 
stability as far as possible from depth of the centre of 
weight rather than beam> according to the midship section 
already given* 

The Water Lines. — Opinions on the subject of 
water lines, or on the degree and manner of fulness 
or fineness which the ends of a vessel should possess in 
reference to the middle, are as various as the deviations 
which one may conceive possible from any given shape. 
When with these we combine the differences of opinion 
concerning midship sections, which difi^erences must also 
affect very materially the form of water line, we get 
into a labyrinth of difficulties, in the intricacies of which 
the good qualities of a steam ship are so often lost. 

Full round ends, convex outwardly at the bow, full 
above at the stern, and fine enough below to steer well, 
so rendering the form as like as possible to an American 
cotton ship, with a long straight narrow body in the 
middle; such a form has been introduced for steam ves- 
sels,^iti the hope that the vessels, by having a small 
midsnip section and great buoyancy, might be easily 
prt>pelled through the water. Even when they are 
made seven times as long as broad, we have seen vessels 
of this class turn out failures. They have, in the first 
place, been crank, in the second place wet, in the third 
place slow, and in the fourth place weak ; for, by having 
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too mnch bearing at the ends, and too little where the 
chief weight is to be supported, viz. in the middle, they 
have invariably bent down in the middle, and risen op 
at the ends. 

Full round ends, combined with a fall round middiip 
section, are a modification from which much has been 
expected, as forming a ship of large capacity. This 
has been one of the worst and most extensive errors 
perpetrated in the construction of large steam ships. 
The great breadth along the whole water line, arising 
from the full lines, gives an excess of superficial sta* 
bility, which, with a cross sea, causes the vessel to roll 
violent] y, with an extent and abruptness of motion 
which the round form of the section has no tendency to 
prevent or retard. Then the full ends of the vessel pre- 
vent her speed through the water, and increase her mo* 
tion in a heavy sea, by increasing to excess her longitu- 
dinal stability. In the next place, if the ends of the 
ship be used for stowage, it is plain that the great mass 
of matter at the two ends must render the ship labour- 
some, or the reverse of lively, according to the nautical 
phrase ; and the ship will less readily obey the helm. 
Such are some of the evils which, in many instances, 
and those especially in steam ships of the largest dass, 
have been seen to result, and which necessarily must 
result, from the full and round- bodied vessel used in 
steam navigation. 

These are not all the evils of the full form. The 
stowage of such vessels is by no means effective in pro- 
portion to the weight, capacity, and displacement of the 
ship. In the first place, by giving much space on both 
sides of the engine room, a very inferior species of stow- 
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age ii obtained to that which results from additiooal 
length of bold. Next, the etoTFogo room in tbe end of 
tbe sbip, for which so much speed is sacrificed, cannot be 
made effective withoat rendering the ship noseaworthf 
and nnmaoageable ; for it is notorions, that in order to 
rectify the erroneous fulness for which so much is sacri- 
ficed, the ends of the ship are bulkbeaded off to obtain 
tbe valuable quality of liTeliness. First, then, fulness 
is obtained at a sacrifice of speed and seaworthiness for 
some supposed advantage in capacity. Sic; then, that very 
capacity is rendered ineffectual by the injudicious mode 
of its application. 

An opposite school from this recommends tbe long 
straight centre body of a ship, with rectangalar sections 
and sharp, fine, wedgelike ends. This form possesses the 
advantage of small transverse sectiuns, and gives great 
stOTvage : it is an easy sea boat, and is lively from its 
fine ends. The principal fault in this form of vessel is 
its liability to crankness — its weakness at the bilge. 
Many of tbe finest steam ships belong to this class. 

The last dass to which it is necessary to make a par- 
ticular reference, are the steam ships recently constmcted 
on the wave lines, or the hoi low- entrance line^-on tbe 
principle which the writer of this treatise, both by ex- 
periment and example, has laboured to introdace. The 
first vessel of this form was an experimental one of 75 
feet keel, laid down in 1834. The next was a steam 
vessel of 100 feet keel, constructed in 1835. The next 
were two pleasure yachts of Mr Ashton Smith, a wealthy 
proprietor in Wales, whose observadon on vessels had 
independently led him to the conclnsioo that hollow 
lines and a peculiar midship section gave the easiest and 
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belt sen steamers ; and both of theie veuelB) of 1838-39, 
though merely Bp[iroximntioni to the tme ware lines, 
were remBrkaMe for tlieir upeed and other excellent 
quaUtiea. The fourth vessel of this class was the Shan- 
don steam Teasel, altered from the old to the new lines, 
1S40, with a gain from the same engine of from two to 
three miles an hour in speed. This vessel is the pro- 
perly of Mr Robert Napier. The next and last vessel 
is the Flambeaii, built in 1840, on the ware principle, 
by Mr Duncan of Greenock, with the co-operation of the 
present writer. This vessel, with ihe smallest proportion 
of power to tonnngo, and with tbe smallest supply of 
steam, is nevertheless by far the swiftest vessel on the 
Clyde. Tlie Fire King, the largest of tliis new class of 
vessels, is 660 tons, and has engines of 220 horse power. 
The Flambeau lias only 70 horse power to 280 tons 
measurement. Vessels of tliis class have been fonad 
at sea to be both easy, stiff, dry, and lively; while they 
are by far the fastest vessels of tbeir power. The 
speed of tbe Fire King, now the property of Mr Robert 
Napier, is fifteen miles an bour in still water. The 
speed of the smaller vessel, tbe Flambeau, with very 
defii:ient steam, is fourteen miles an hour ; a velocity 
nbicb, wilb her small proportion of steam power, is only 
to be attributed to her superior form, and tbe slight de- 
cree of resistance which sbe encounters from the water. 

The principle on which these wave ships are con- 
structed is, that the hollow lines forming the entrance 
are to correspond, as nearly as may be consistent with 
the form of a ship, to the form of a certain wave ca- 
pable of moving with tbe same velocity as the vessel, 
The analogy between the displacement of the water by 
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a WATe of the fint order, and ita displacement by a Tea- 
sel moTiDg with the same rdixnty, being so very doae a* 
to approach to identity, rendered it probable that the 
■ame mode of diflplacement Tonld be foUowed in both 
caaea vrith the same reHnlt^Tiz.theprodaction of minimum 
reaiatance. It was further to be anticipated, that aa a 
ware, when allowed to follow the naual mode of dia- 
placing the particIeB of water over iriiich it pasBes, pre- 
■enia a amooth and nnbroken awelliog anr&cei ao the vea- 
Bel, if of the proper ahape, according to theae ware* 
lines, would divide the water at the bow in a imooth, 
nnbroken sheet, initead of showing the nsaal head of 
water or snrge exhibited at the bow of ordinary ressels 
at high relocitiea. On the other hand, when a wave 
encounters a shapeless rock, or breaks on a rugged coaat, 
it exhibits the same violent surges which are preBented 
on the bow of vessels of the nsnal form. Thus, then, 
the analogy leads ns to suppose, that the smooth, conti- 
nuous, resisting displacement of a wave, would be the 
best method of displacement for a vessel. On submit- 
ting the question of least resistance to the elementary 
ealenlation, it appeared that the form of least resistance 
was very dose indeed to that of the wave. The science 
of hydrodynamics is not, however, suffidently matured 
to enable ns to place implicit dependence on all the re- 
sults of its calculations, uolesa where they are supported 
by actual observation ; and it therefore became necessary 
to make the experiment. 

For the purpose of determining whether this form 
were that of least resistance, an experimental vessel, about 
seventy-five feet long, was constructed on a hypotheti- 
cal form of least resistance, with the wave water lion. 
2c 
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VHitm thif TWiel wtM propelled at the rate of lerea- 
teen mileB an hoar through the water, it was fonnd, that 
instead of the niual large exhibited at the bow ot 
other reiBel*, the water wu parted so smoothljr and 
quietly, that no white spray nor other symptoms of high 
speed and great resistance were visible, and the parted 
water retarned peaceably to the place it had occupied 
previous to the transit of the boat, with only a slight 
translation forwards. It appeared, therefore, from the 
experiment, that no greater quantity of motion waa cottl- 
munioated to the water than was necessary to permit the 
vessel to pass through, and with no greater velocity than 
the speed of the vessel demanded. It was then presumed 
that this form was that of least resistance ; and all subse- 
quent experiment appears to demonstrate the truth of 
this inference from fact, as predicted by analogy and cal* 
eolation. 

It is also worthy of remark, that this form is capable 
of being combined with all the good qualities of a steam 
ship, such as strength, dryness, easiness, as well as great 
speed ; but as the construction of soch vessels may stiil 
be deemed an experiment in progress, the vrriter vrill 
not occupy more space with observations on his own 
researches. Thus much he felt It hts daty to communis 
cate, in order to adapt this treatise to the most recent 
condition of steam navigation. 

The immediate Mechanism of Propuhion Tho 

paddle wheel of the ordinary form (as given in the 
plates) seems to be the most perfect, as it is the most 
simple, means of propelling vessels through the water. 
The idea soon occnrred, that as the steam-engine is cal-^ 
cnlatedto torn round wheels, it is only necessary to place, 
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on a irlieel on the outside of a boat, large teeth or paddle- 
boards to take hold of the water, and <o drive the ressel 
fonrard by simply turoing the wheel. It was this plan 
that was adopted by Jonathan Hidls, in the first plan of a 
steam resiiel. But there is no piece of mechanism (if we 
except, perhaps, the crank of the steam-engine,) which has 
been more despised, or which more strenuous and frequent 
attempts have been made to Improve or supersede, than 
the common paddle wheel. It is remarkable, that like 
the crank steam-engine, the paddle wheel is almost uni- 
versally employed in practice, after the fullest experi- 
ment of many diversified improvements. In fact, after 
experiments of all sorts of oars, propellers, paddles, 
chaplets, screws, &c., the common paddle wheel cond- 
nues to predominate as " the propeller." 

The numerous faults attributed to the common paddle 
wheel, are chiefly faults of misconception or malconstrnc- 
tion. It is easy to account for both. 

When a steam vessel is at rest in a harbour, and pre- 
vented from moving, or when in the act of setting out 



the defects of the 
Fig. 32. 



into motion after having been at 
common paddle wheel appear 
to be very great. Thopaddle 
boards, fig. 32., on entering 
the water, press obliquely 
down into it, tending to raise 
or lift the vessel up out of the 
water with a force which pro- 
duces no useful effect. Again, 
when the paddle is rising out 
of the water behind, it seems 
to do litUe more than raise or drive the water upwards.in 
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the fonn of b>dc water. It ii only, tlurafora, in At niddU 
of its path that the propnlaion of tbe paddle nems ox- 
•ited in forwarding the boat, and that only for a rery ihoit 
time. A large part of the foree of the itenm-enpne 
Menu thni to be expended in raising up the veaiel, and 
in elerating baok water, and only a small portion in 
earryi&g forward the ship. But this is the case of a 
Tostel at rest or not in rapid motion. Now it is ai^ed 
firom this Tiew of the case, that the only way in which a 
paddle wheel eonld be made efficiently to perform its pro- 
pelling duty, wonld be, by giving the paddle boards such 
a motion npon themselrea as to keep them always in a 
rertical position, both on entering the water and on emerg- 
ing from it. This was effected abont the commencement 
of steam navigation by Mr Bnchanan of Glasgow, in what 
may be designated tbe parallel paddle wheel. 

The parallel wheel, 
fig. 33, ia constructed 
on thia principle, "that 
if two equal circles be 
equally divided, and 
so placed, that the dis- 
tance between two of 
the points of division 
iaequal to the distance 
between the centres 
of the circles, then 
will all tbe other 
points of division be 
also eqai distant, and 
all the straight lines joining them be parallel." By giv- 
ing to each paddle board revolution on an axis, and 
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placing ftn arm at right angles to it, connected by a 
junction-bar with an eccentric strap around the axis, the 
geometrical problem is mechanically constructed, and we 
hare Buchanan's parallel paddle wheel. This wheel, 
with and without alterations in mechanical structure, has 
been inyented and reproduced over and oyer again. It 
has always failed^ being radically bad. 

In truth, the. phenomena of a paddle-wheel reTolving 
on a steam-boat, when the vessel is in motion, differ es- 
sentially in their form and effects from the phenomena 
of a wheel revolving around a centre which stands still. 
When the vessel is only starting, or as yet moving very 
slowly, all the evils here mentioned do in some degree 
take place ; but by the motion of the vessel forwards, 
which is the result of the revolution of the paddles, the 
evils complained of are at once remedied, and the pad- 
dle of a common wheel in a quick vessel is actually " fea- 
thered,'' according to the most dexterous toss of the 
practised rower. A little study of the geometrical con- 
ditions of a paddle moving forwards and in a circle at 
the same time, will make this plain. Let us trace for 
this purpose the motion of a single paddle. At the 
point 0, the paddle- board O being in the position O', the 

Fig. 34. 
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wheel, turning' on b stationary axle, would bring the 
board successiTely into tlie positions d, I/, <!, rf, ^,f^i 
fcc; but the axle being advanced by the motion of the 
bont into the places a, b, e, il, e, f, g, h, i, k, I, m, n, 
o, p, t/, in the same intervals of time, and these motions 
being simultaneous, tlie paddle-board describes a path in 
refereniMi to the water wtiicb is the result of both, and the 
■uccessive positions of the paddle-board are aA, bB, cC, 
rfD, eE, JF, gG, &ii. The paths described by Ihe boards 
are trachoidal curves, being of the family of the cy- 
cloid. Now, from the study of the actual motion thus 
performed by the paddle-board of the common wheel, 
it is pluin, first of all, that the paildlo is inserted into 
the water in an angular position resembling closely the 
entrance of an oar into the water ; that it is then made 
to act Iiorizontally on the water during a short interval 
after which it is wiLhdravrn from the water, edgeways, in 
an easy and elegant manner, which the dexterous rower 
might envy and try to equal, but which he could hardly 

All this, however, takes for granted that the paddlo 
and the boat are well proportioned and placed; other- 
wise all this perfection may be impaired or lost. To this 
exposition of the subject, it may be added, that the com- 
mon paddle-wheel is in practice, as it ought to be in 
theory, exempt from the faults generally attributed to it • 
and tliat experiment has shown that its action presents 
as much perfection in operation, as its simple form and 
mechanical arrangements do in enabling the artist to 
give it durability and strength. 

When the paddle-wheel is badly proportioned, badly 
placed, attached to a very slow or full boat, or immersed 
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too deep in the water, iti sction becomes impaired or 
impeded. Hence much attention has been devoted to 
the constrnction of a paddlo that should be more effec- 
tive in tbeee nnfaTourable circumBtances than the com- 
mon wheel ; in short, to construct a paddle-wheel that 
should be an effective propeller, even when immereed to 
ita axis, or wholly placed under water. This may he 
properly enough called the radiating paddle, as distin- 
guished from the parallel paddle. 

The radiating paddle is not constructed on the falla- 
cious view of the subject which gave rise to the inven- 
tion of the parallel paddle wheel. On the contrary, i' 
proceeds on the hypothesis, that the actual motion of a 
paddle wheel on a moving ship is cycloidal ; and its in- 
tention is to adapt the wheel with greater perfection to 
that cycloidal motion. The theorem on which it is 
fonnded is as follows. Let the circle in the following 
diagrams, figs. 35, 36, represent that circle in a paddle- 
wheel which is described by a point moving in the com- 
mon cycloid, that is, where velocity in the circle is eqnal 
to the velocity of the vessel, o being the centre of the 
paddle wheel, 

Fig. 36. Fig. 36. 
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tb«ii, by the property of ilie cycloid, all lines drawn from 
tbe point M at the supeiior extremity of the rertioj 
diameter or that circle to A, B, C, D, E, F, &c, potnta 
in it« circamference, will ho parallel to the cycloid of 
pro^CRsion, or rather to its tangents, at tbe point* of 
its periphery whicli correspond to A, B, C, D, E, &c 
when in motion. If it were pOBgible to construct this 
geometrical problem in a meclionical apparatus, thia 
paddle wheel would have great efficacy eren when very 
deeply immersed. It i^i, however, difficult to make thii 
motion perfect at M. Uut this species of mechanism 
has been very beautifully combined and arranged by 
Morgan, Seaward, Cave, and others, whose geometrical 
apparatus is very beautifuL Unhappily the apparatui, 
even in its most perfect state, is only correct for a singlo 
velocity of vessel and of wheel : for a different velocity, 
the point of radiation of the paddles most be changed, or 
loss is at once incurred. Hence it is found that thia 
apparatas, like the common paddle, is liable to imperfec- 
tions of action, with every change of immersion and ve- 
lodty. When to this there are added the complexity, 
friction, cost, wear and tear, liability to accident, of thig 
moving mechanism, introduced fur obtaining the partial 
remedy or slight omelioratiou of an evil which by proper 
arrangement is but slightly felt under tbe old method, it 
becomes manifest, that the general abandonment of the 
radiating paddle-wheel, and the return to the commoo 
one, has not been without sound practical reason. 

The last species of paddJe-wlicel is that with the fixed 
float ; in other words, the simple paddle-wheel with 
boards placed around its rim. Of this there are varioas 
modifications. A very simple modification is that men- 
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tioned by Mr David Stevenson, in his excellent work on 
the dvil engineering of America. The paddle board of 
tbe usual wheel is, at it were, cut in twoi one half being 
placed half an interval in advance of the other, as in figt. 
Fig. 37. Fig. 38. 




37 and 38. This may be called the divided paddle wheel. 
The concussion of a paddle wheel striking th& water is 
much lessened by this means, and the propelling force is 
rendered more nearly uniform. Another form of this wheel 
may he named the split paddle wheel, from having the 
paddle-board, as it were, split into two or more horizon- 
tal slips, by which the same advantage is obtained as from 
the divided paddle wheel. It has been proposed to place 



these strips in a cycloid ; but 
no advantage results from 
the arrangement although 
the dignified name of the 
cycloidal paddle wheel has 
been applied to it. Again, 
it has been proposed to place 
the paddle boards-nt all sorts 
of angles with the axis of the 
wheel, both horizontally and 
vertically, bat as yet without 
advantage. 



Fig. 39. 




ai4 sTi 

A rery limple expedient teDd> to remoTe all eon- 
■iderable iiregnlsrity or wncuuion from tlie Gommon 
paddle-wheel. It ii to allow the extrenutf of the paddle 
board neareit the ride of the boat, to detcend from six 
to twelve inches deeper in the water than the outer ex- 
tremity. Thit plan wa« carried into effect by the writer 
of this treatise on a steam Tessel in 1836. The deaired 
object was attained without any sacrifice of power or speed. 
For distinction we may call this the conical paddle wheel. 
It is shown in figs. 40, 41. 



Fig. 40. 



Fig. 41. 




Conical Paddle Wheel. 

In the three following figures we have represented 
the single oblique paddle wheel. Fig. 44 shows the de- 
velopment or stretch-ont of a part of the circomfer- 
ence of the wheel, to exhibit more clearly the arrange- 
ment of the paddle boards. 
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Fig. 42. Fig.iS. 



Fig. M. 




Single Oblique Paddle Wheel. 



In figs. 45, 46, the double oblique paddle wheel it re- 
presented ; and in figore 47 the development of a portion 
of Its circumference Is given. 



Fig. 45. 



Fig. 46. 




Tffm 



Double Obliqne Pftddle Wheel. 
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The Reefing Paddle. — One of the greatest improre* 
ments on paddle wheels, and one of especial import- 
ance to steam navigation, still remains to be invented. 
yXe mean such a mechanism as shall enable the steam 
commander to set oat on a long voyage deeply 
laden, with a small diameter of paddle wbeel ; that is, 
with the paddle boards near to the axis, and to in- 
crease the effective diameter of the paddle, that is, to 
remove the paddle boards farther from the axis, as the 
vessel proceeds on her voyage and is lightened by the 
consumption of coal. The invention of a durable, eco- 
nomical, and safe apparatus still remains to be made. In 
the infancy of steam navigation, Mr Buchanan of Glasgow 
published an account and drawing of a reefing paddle ; 
Messrs Bolton and Watt are also in possession of a very 
old method of reefing paddles ; the Society of Arts in 
Scotland offered a prize several years ago for tbe inven- 
tion, without obtaining, out of many plans, one to be re- 
commended for practice ; and, finally, the indefatigable 
inventor, Mr Hall of Basford, has patented a very elegant 
mechanism for the same purpose. Jt still, however, re- 
mains to introduce and establish a perfect reefing appa- 
ratus, and the author of such a system will render tbe 
common paddle wheel a perfect propeller. 



HISTORICAL SKETCH OF STEAM LOCOMOTION. 

The history of locomotives is inseparable from that of 
the high-pressure engine, first hinted at by the Marquis of 
Worcester, and brought into practical use by Savary, wbo 
proposed it for propelling carriages. 
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A Fter the magnificent improTements of James Watt, Ugh- 
preisure engines wereneglected for many yean. With re- 
ference to locomotion, however, the next suggestion seemi 
to hare come from Dr Robiaon, then a student in the uni- 
versity of Glasgow, who proposed, in 1759, the steam- 
engine to Watt as a means of moving wheel carriages. 
Murdoch, in 178'3, to whom Trevithick was a pupil, made 
a model of a steam carriage, which was exhibited to many 
persons. In 1784, Watt explains, in his patent, the 
manner in which, among other things, he proposes his 
engine to propel carriages. This method, although a curi- 
osity at the present day, bears the full impress of his 
mind. The boiler was to he of wooden stares hooped 
together with iron like a cask ; the iron furnace was to 
be inside the boiler and almost entirely surrounded by 
the water, the whole being placed on a carriage, the 
wheels of which were to be worked by a piston, the reci- 
procating motion being converted into a rotatory one by 
toothed wheeln and a sun and planet motion. His sys- 
tem of wheels was a double one, their proportions dif- 
fering, and by this contrivance he proposed to overcome 
the variable resistance to be found on the road. ' The 
cylinder was to be seven inches diameter, the number of 
strokes sixty per minute, and their length one fooL The 
carriage thus constructed was to carry two persons. 
Watt, however, never built it, and continued till his death 
an opponent of high-pressure steam. 

The fir»t person who may properly be said to have re- 
duced the theory to practice was Richard Trevithick, who 
seeing that lightness and portability were indispensable 
in any attempt at locomotion, either on common roads or 
on railroads, at once adopted the high-premue p 
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This was in 1802, when, in conjnnolion with \^TiAn9 he 
took out a patent. The condeniery eistern, mir-pump, 
and cold water pump were omitted and the engine thus 
lightened, became not only oonsiderabljr cheaper, bat had 
the power to more itself, as well as to carry a load as a 
wheel carriage. At first it was tried on common roads, 
and was exhibited before thousands of people; among 
other places, near Euston square, where the London 
and Birmingham railway company's station is now fixed. 
The carriage presented a handsome appearance, hanng 
two small wheels in front by which it was guided, and 
two larg^ ones behind by which it was diiren. It had 
but one cylinder, and this, together ynth the boiler and 
fire, which were all enclosed in a case, was situated low 
down and in the rear of the hind axle; each driving 
wheel could be worked separately, or one could be re- 
versed while the other went forward, their motion being 
produced by spur gear, to which was added a fly-wheeL 
The piston-rod outside the cylinder was double, and 
drove a cross piece, working in guides, on the opposite 
side of the cranked axle to the cylinder, and the crank 
of the axle revolved between the double parts of the 
piston rod. To this axle was attached the first of the 
toothed wheels ; and to the axle on which were the driv- 
ing wheels was attached the other, similar in size to the first, 
and worked by it. The steam cocks were opened and shut 
by a connexion with the crank axle. The force pump, 
by which a supply of hot water, contained in the casing 
which enclosed the cylinder, fire box, &c., was injected 
into the boiler, was also worked from it, as were the bel- 
lows to produce sufficient combustion. The specification 
of his patent also adverts to contrivances for increasing 
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the adkeiioii of the wheels, although they are' uid to be 
in general unnecesaary; and it dUtinctly allndes t« then 
engines being adapted for railroads. 

Some writers hare assigned to Trerithick the merit of 
inventing the steam blast up the chimney, which may be 
termed the life blood of the locomotive engine. Trevi- 
thick has laoreli enough, and has no need to borrow a 
single leaf from the crown of another. The steam blast 
was invented by Gieorge Stephenson, and used by him 
certainly prior to 1815; while in June 1815, Trevithick, 
so (blt from using the waste steam to increase the draught, 
took out a patent, in which, among other improvements, 
he included a method of oiling his fire by fanners, ■!• 
milar to a winnowing machine. 

In 1804, Trevithick took out another patent for a 
locomotive engine, in which he used a cylindrical boiler 
with flat end, since called by his name. The fire door is 
near the chimney, and the fiimace and flue is inside the 
boiler, the latter recurving and having it« exit at the same 
end at which it entered. The cylinder is immersed in the 
boiler, all but a pordon of the upper end, which is in- 
closed in a socket surrounded by the steam. In his first 
engine, the cylinder was horizontal, in the above it was 
vertical ; and it is in this latter that the waste steam 
was thrown into the chimney. It is curious that such 
an able man as Trevithick should not have discovered the 
advantage of this j for although his exit pipe was not 
regulated so as to produce any thing near the maximum 
efiect, either by its position or sise, yet it most inevitably 
have increased the draught, although it is no less certain 
that he afterwards a 

This engine fMOtf^^^^^^^HMri^^ South 
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Wklei, on » very indifferent tram-roftd. The irheelt wore 
plain, and wer« found to hitTfl ample ftdheiion. It drew 
ten tuna of bar iron, togettier with the neceaiary carriagei 
and its water and fuel, at five milei an boar. It waa not 
till a long timo after this that any other conaideraUe 
improvement took place ; and an imaginary difficnlty, per- 
hapB, had no little effect in retarding the adranca of 
locomotivei : thig was an idea which prevailed for some 
yearf, that adhesion hetween the wheel* and the road 
was the thing wanted. There never was a greater mis- 
take ; the force of gravitation ii fonnd to be amply inffi- 
cient, and if not, adiiesion can be had to an almoat nn- 
limited extent, by a galvanic action indoced between the 
engine and the rails. 

The next considerable improvement was in 1811, 
when a patent was taken oat by Bleuklneop for the first 
double cyllndered engine. The boiler wat circnlar, 
having the fire door at one end, opening into a tube in 
which was the furnace. This tube ran through the 
the boiler, and making its exit, withont any recurving, at 
the oppoKite end, was bent up to form the chimney. 
The cylinders were principally in the boiler ; they were 
both vertical, eight inches in diameter, and their upper 
ends were outside the boiler at the top, where the ednc- 
tiun pipes met in a single tube, and threw the steam 
into the air. The piston rods, by means of cross-heads, 
worked the connecting rods, which came down to two 
cranks on each side below the boiler, placed at right 
angles in order to pass their centres with certainty. 
These cranks worked two shafts, fixed across the engine, 
on which were small toothed wheels working into a laiger 
one between them. On the axis of this, and outside the 
framing, were the driving wheels, one of which was toothed 
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and worked into a rack on one side of the railway ; there 
wen tiro pair of two plain flanged wheels, one before and 
one behind the driving pair, which ran on rails in the 
nsoal way. The weight of this engine was stated to be 5 
tone, its consumption oF water 50 galloni per hour, of coal 
751bB per honr, and it drew 94 tons on a level at 3^ miles 
an hour, or 15 tons up 1 in 15 ; its maximum speed was 10 
miles an hour, and its cost £400. 

The next patent was in 1812 to Messrs Chapman. 
Here the first mention of fenners to excite combustion 
occors. The motion was to be produced by having a chtun 
passing round a barrel fixed to the engine. The chain 
was to be stretched along the railroad and made fast at 
each end, the barrel being set in motion by spur gear. 
It had eight wheels, the boiler was Trevitbick's ; it was 
tried at Heaton colliery, but did not eucoeed ; its weight 
was 6 tons, and it drew 54 tons up 46 feet in a mile, or 
about 1 in 1 15 at 4 miles an hour. This latter perfor- 
mance, however, was by an engine differingfrom the above; 
the wheels were worked by spur gear and not by the chain, 
and it could not start the above load without considerable 
slipping of the wheels, tdthough it drew it when once 
in motion ; hence 115 in. has been supposed the limit of 
adhesion with an engine weighing 6 tons ; this, however, 
is not correct. In these old engines, the adheaion had re- 
lation to the number of wheels, which in this case was 
eight. In the modem ones it has reference more to the 
manner in which Uie weight ia distribnted, the driving 
wheels always having, of coarse, the greatest proportion. 
Trevitbick's engines were tried by Mr Blackett of Wylam, 
in 1613, and were worked by the adhesion of their wheels 
only. This was on a tram-v 
X 
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We now GODW to Gwrg* Suptuaion in 1814>, trhoM 
fint rfi'i>rt wu the oonttruction of wi engine for tlie 
Killingwonh colliery. Thit had tiro vertical ejlinden, 
partlv within the boiler uid partij above it. Thia engine 
worked upon wbat is termed tlie aecond moUon, that ii 
to uy. the connecting rods worked • middle axle oom- 
uunicsting hy nwani of ipur wheeli Uf the main thftft, 
on whith went the engine wheel*; theie wero four in 
number, and were fixed to their axlei; to the cranki, 
which were at right anglei, turned two cogged wheeU, 
and thete gave motion to two othen twice their dianieter, 
fixed on the main axlee. The cy Itndera were not ao far 
apart aa tboie in ue at pretent, in order to giro aa much 
perpendicularity aa possible to the connecting rods ; the 
middle cranks worked within the case of the engine i the 
I'himni'y was t'att iron, around which waa a chamber ex- 
tendiiig back to the feed pnmpa, for the purpose of heating 
the water prerioog to ita injection into the boiler. 

In order lo neutraliie a» much aa poaiible the ahoekt 
which (his engine vould meet from ohstaclea or ineqaali- 
ties on the road, a« it had no springs whatever, the water 
barn'l, which served as a tender, was fixed to the end of 
a lever and weighted ; the other end of the lever being 
connected with the frame of the locomotive carriage, 
thus keeping up a vibrstorj- motion on an nneren way. 
The builor had one large tube in the centre, and rested 
on the carriage frame ; but the lever apparatus was not 
found to compensate for the total abaence of springs; 
and that it waa inefficacious waa of course aoon dis- 
covered, by the machinery becoming deranged from the 
ahocka. In fact, on this very engine the &te of loco- 
motives may be aaid to have hang. It never made full 
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ateam enough to go more than abont three milei an 
hour, and would hare been oondemned as OMleis had not 
Mr Stephenson at lait applied to it the ateam blaat. Thia 
at once doubled the power of the engine, enabling her to 
go aix milea an bonr and muntain her itAaitt. Eren 
then thia engine only ran abont twelre montha, and 
gave place at tbe end of that period to further improve- 
mentg. 

The next locomotive conitmcted by Mr Stephesaon 
waa that for which hii first patent was obtained. Thia 
was taken out in Febrnary 1815, in conjunction with Mr 
Dodd, and the alteration consisted in using a crank pin 
outside the driving wheels ; one pair of which was worked 
by each cylinder, the crank pins being kept at right 
angles by means of an endleaa chain working round 
wheels fitted with cogs to receive tke links. These 
wheels and the chain superseded the nse of spur gear, 
which had been fo&nd objectionable) and this engine 
worked well. It had a third pair of wheels between ihe 
two driving pair. 

In June 1815, Trevithick took oat another patent, in 
which be proposed fanners consisting of " fiat plates or 
leaves," revolving in a case, which were to ■' produce a 
current of air in the manner of a winnowing machine, to 
blow the fire." He also, in the same patent, proposed to 
" place in the flue a screw or set of vanes, somewhat simi- 
lar to a smoke-jack," which were to " revolve by connec- 
tion with the steam-engine, for the purpose of creating an 
artificial draught in the cbimney." Similar contnvances to 
these were afterwards claimed by Lord Cochrane and Mr 
Galloway, and also by Messrs Braithwaite and Ericsoci. 
■namely, fnnners revolving 
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rapidly inatde » circnlsr dram hu been lately used witfa 
tncceu as s moit powerful blowing mmciune for iron fur- 
nace*, and otiter worlu requiring a very intense heU{ 
yet the iDTention is nearly 200 years old, and at so re- 
mote a period it appeared in print with explanatory 
engrarings. One kind of tnbalar boilers had long been 
known, and were nsed by Trerithick; being in this 
patent stated as a part of his apparatus, althongh be only 
daimed a modification of them. They were vertical, and 
Mtntuned water, not fire or hot air, like those of a recent 
eonstrnction. 

The next patent was in 1616 to Messrs Stephenson 
and Locke, with which the improvement of Stephenson 
and Dodd was incorporated. This patent extended to 
railways, carriage wheels, and several other useful mat- 
ters connected with the same subject, and, among other 
things, the fuUowing contrivance was introduced. The 
weight of the engine rested on steam-springs by me^fl 
of three pair of small cylinders, fixed to the lower part 
of the boiler, and open to the inside of it, !n which they 
entered for several inches. These cylinders were also 
open at the bottom, and a piston rod, with a solid piston, 
worked in them : the lower end of these piston rods, 
after passing through a hole in the framing of the engine, 
were fised to the working cods, over the axle of the 
wheels; hence any oscillation in the carriage of the 
engine was transferred to those pistons, which, acting 
against the pressure of the water, or more properly 
■peaking, of the steam, performed the office of springs ; 
Hence the steam supported the weight of all the ma- 
chinery, except that which was connected with tlie framing. 
The furnace in these engines was contuined within the 
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boiler ; the door of it opening at tlie opposite and to the 
chimney, and not at the same end like Trevithick'a. 

In the above engines, the second motion or spur gear 
was also diacootinued, and the endless chain used instead. 
They had six wheelx, and worked with cranks, like the 
present ones. The metal, or cast-iron chimney, and 
heating apparatus, was also set aside. The six wheels 
were continued in nse as long as the steam springs were 
applied, and when steel springs were adopted they were 
again reduced to four. 

The opinions which were then entertained respecting 
the improvements that were destined, in a short period, 
to effect a complete revolution in all our ideas of time 
and space, as far as they relate to travelling, may be 
gathered from what Mr Galloway gays in his Histortf gf 
the Steam Engine. " These locomotive engines have 
been long in use at Killingworth colliery, near New- 
caatle, and at Hilton colliery on the Wear, so that their 
advantages and defects have been sufficiently submitted 
to the test of experiment ; and it appears, that notwith- 
'standing the great exertions on the part of the inventor, 
Mr Stephenson, to bring them into use on the different 
railroads, now either constructing or in agitation, it has 
been the opinion of several able engineers, that they 
do not possess those advantages which the inventor had 
anticipated ; indeed there cannot be a better proof of the 
doubt entertained regarding their utility than the fact, 
that it has been determined that no locomotive engine 
shall be used on the projected railroad between New- 
and Carlisle, since, had their advantages been 
, the persons living immcdialely on the 
moly, Newcastle, would 
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" Ths principa] objec^ont ^>peu- to be the difficulty of 
■armoontioK emi tfae alightut mmu^ for it hu ben 
fonndi that a riie of only one-eighth of mi inch in a yard) 
or of eighteen feet in a mile, retard! the ipeed of one of 
theu enginei in a rery great degree, >o maoh to indeed, 
that it haa been considered neceuary, in aome paitt where 
they are nsed, to ud their aaeent with their load, by fixed 
engine*, which drag them forward by meana of ropes 
coiling round a dram. Tbe apring iteam cylinder* 
below the boiler were found Tery defectiTe, for in the 
aacendlng atroke of the working piston, they were forced 
inwards by the conneotii^ rod pulling at the wheel in 
tnniing it round and in the descending stroke the aanie 
pistons were forced as mocb outwards : this motion or 
play rendered it necessary to increase the length of Uie 
working cylinder as much ai there was play in the lower 
ones, to avoid the danger of breaking orserionsly injuring 
the top and bottom of the former, by the strildng of 
the piston, when it was farced too much op or down." 

Several patents were now taken out, proposing rarions 
modifications of tubular boilers, the tnbes contidning the 
water, and other contrivanceB, mostly adapted to steam- 
carriages on common roads. So late as October 1825, a 
new formof racked rail formed llie subject of one of them; 
in this it was proposed to be in the middle oftherulroad, 
which was to be composed of masonry. In 1S26> Mr 
Robert Stephenson, senior, proposed an ingenious method 
of obviating the friction between the flanges of the wheels 
of a locomotive engine and the rails, by having a separate 
axletree to each wheel, so that they might revolve inde- 
pendently, and at different velocities. By another plan, 
ID the same patent, he proposed to allow one end of eadi. 
axletree to move in a ball and socket joint, 
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Other, the wheel end, instead of reyolying in a circular 
aperture, was to have a motion np and down in a yertical 
slot, so as to accommodate itself to the inequalities of 
the rails. Mr Chapman, in 1827, took out a patent 
for a similar purpose. 

The obstacles which Mr Stephenson encountered in 
his attempt to bring locomotives into general use, may 
be easily conceived by what took place when the Liver- 
pool and Manchester railway drew near its completion. 
An enquiry was there instituted into the comparative 
merits of fixed and locomotive engines, and in the spring 
of 1829, Messrs Walker and Rastrick, engineers, were 
commissioned by the directors of that line to examine 
into both modes on the existing railways, and report 
on their relative advantages. After the most careful exa- 
mination into all the branches of expenditure, and also the 
power and capabilities of the locomotive engines as they 
stood at that day, these gentlemen reported to the direc- 
tors of the Company in the following terms : — << upon he 
consideration of the question in every point of view, taking 
the two lines of road as now forming; and having reference 
to economy, despatch, safety, and convenience, our opinion 
is, that if it be resolved to make the Liverpool and Man- 
chester Railway complete at once, so as to accommodate 
the traffic as stated in your instructions, or a quantity ap- 
proaching to it, the stationary reciprocating system is the 
best." They also stated that if it was only intended to 
proceed by degrees, proportioning the power of convey- 
ance to the demand, in that case they would recommend 
the use of locomotive engines. 

As it was absolutely necessary that the railway shodLd 
be made complete at once, this opinion was tantamount to 
a condemnation of locomotives. Messrs Robert Stephenson 
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and Locke, thercfuro, on ihe pabUotion of the report in 
question, undertook iti cxaminstion ai to tke correctneM 
oftl)eTnriouiiic(]ui;tioni wliich were laid before the direct- 
on; and tho dillurent statement! which they produced, 
arising in a great measure from improvements made hy 
Mr Stephenson in his enfj^ines, since Messrs Walker and 
Rastrlck formed tlieir estimates, fortunately for the world 
turned tlie scale tlic ri^rht way. 

From the statements of Messrs Stephenson and Locke, 
it appeared, that the locomotive system would cost £63,496 
less than thestatiunary,and£l(!,ol5 less per annum in work- 
ing expenses. We shall place tlie two results of these dif- 

irent estimates together, as forming a record of do ordinary 
interest, now the one system has so completely been estab- 
lislied as totally superior to the other, except on very 

»lioi't lines. 
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After well considering these reports and the observa- 
tions made on them by Mr Stephenson, the directors took 
the wisest step which they could possibly have taken ; and 
this was, to o£Fer a premium of £500 for the best loco- 
motive engine, which should draw on a level plane three 
times its own weight at ten miles an hour, which weight 
was not to be more than 6 tons. The price of the 
was restricted to £550 ; the height of the chimney 
feet; the pressure on the boiler to 50 lbs. 



weight .] 

enpne Jm 

rtois ^^1 
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incli. It was to consume its own smoke ; the whole 
weight of the engine and boiler was to be supported oa 
springs ; and, if this weight exceeded 4jf tons, the engine 
was to hare six wheels. The premium was offered tn 
April 1829, and the trial was to take place in October of 
the same year. It is from this point we majr date, with 
the exception of the steam blast, the era of modern loco- 
motion on railroads. 
The engines entered for the competition, were as follows : 
Bngina. Maker. 

Rocket . . Robert Stephenson. 

Braithwaite and Ericion. 
Burstall. 



Novelty 
Perseverance 
Sans Pareil 
Cyclopede . 



Hackworth. 
Brandreth. 



The latter was a horse locomotive, and was therefore not 
considered as entitled to mn for the priie. It was tried, 
however, as a matter of experiment ; but its speed was 
only about six miles an hoar. After a short trial, the 
Perseverance was withdrawn by its proprietor. The 
competitors were consequently reduced to three ; viz. 



Engine weight. Drawn weight. 



2 tender. 
26 two carriages. 
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Tbe Norelty carried ha own fuel and coke, without any 
tender. Tlia ground clias«n for tlie trial wm on the M«d- 
cheiter aido of R«nhill bridge, about nine milea from 
Iiirerpool, where the railwvy i* on a level. The Sani 
Pkreil being above the weight, was tried only ai an experi- 
Bient, and wai found to draw twenty tons at fifteen mile* 
an hour ; the fuel coninmed wa«, however, very great. 

The Novelty likewise had to be withdrawn, throagh a 
series of nnfurtunato accidents which iiad no reference to 
the character or capabilities of the engine ; and we well 
recollect, that it made a powerful impresdon on the public 
mind at the time. On the first day of trial, Thuradsy, 
October 6, 1829, it went twenty-eight miles an bonr 
(without any attached load), and did one mile in seven 
seconds under two minutes. This performance will now 
appear trifling ; but at the time the sensation produced 
wai immense. Mr Nicholas Wood, who was appointed 
one of the judges on the occasion to award the premium 
of L.SOO, had, even after the opening of the Stockton 
and Darlington railway, published his opinion respecting 
locomotives as follows ; " It is far from my wish to pro- 
molgate to the world, that the ridiculous expectations, or 
rather professions of the enthusiastic specnlatist, will be 
realized, and that we sliall see engines travelling at tbe 
rate of 12, 16, 18, or 20 miles an liour. Nothing could 
do more barm towards (heir adoption or general improve- 
ment, than the promulgation of such nonsense." And 
that the directors of the Liverpool and Manchester rail- 
road in some measure agreed with this opinion, may be 
inferred from their appointing that gentleman aa an 
umpire, and only requiring the engines to travel with 
three timee their weight at ten miles an hour. 
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On the second day'a trial, the Novelty drew 11 tons, 5 
cwt., at 20 miles and three qoarters in an hour ; hut unfortu- 
nately for the owners, some of the tuhes gare way at the 
joints daring the succeeding trials, and the competition was 
given up, thus leaving a clear course open to Mr Rohert 
8tephenson*s Rocket, the performance of which we have 
now to state, first premising that Robert Stephenson, (a 
brother of George Stephenson,) we have often heard erro- , 
neoDsly mentioned as the individual who made the Rocket. 
It was made by his nephew, the engineer of the London 
and Birmingham Railway. Mr Robert Stephenson, sen., 
was not an engine maker. 

The Rocket was the only engine which performed the 
required distance of 70 miles, with the given load, and at 
the stipulated speed. Without a load it went at the rate 
of 30 miles an hour, and when drawing three times its 
weight, at upwards of 24> miles an hour. It completed the 
first 35 miles in three honrs and ten minutes, being up- 
wards of 11 miles an hour ; and after taking in a fresh 
supply of water, it performed the second 35 miles in 2 
hours 52 minutes, being at the rate of upwards of 12 miles 
an hour ; and this speed, it must be remembered, included 
all the stoppages at each end of the trial groand, which was 
one mile and three quarters long. One-eighth of a mile 
was allowed at each end for getting up the speed and stop- 
ping the train, but this advantage is not included in the 
above. Had the 70 miles been in one length, it is judged 
the Rocket would have maintained an average velocity of 
at least 15 miles an hour. Tlie tuke cunsumed t 
lbs. in getting np the sfeani, and 1083 Ihs. in r 
70 miles, and 579 gallons uf waler « 
of the Rocket took place on October 
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The Rocket was constructed with four wheeU not eaa- 
pled I it« boilur was tix feet loog and three fuet in diame- 
ter, and contained twenty-fire upper tnbet, three inohei 
in diameter, ihroagb which the heated air from the foraaee 
paaied in its way to the chimney. The furnace, which waa 
at the after end ofthe engine, waatwo feet wide, and three 
feet high, and had an external caung, between which and 
the fire box there was a space of three inohei filled with 
water, and communioating; with the boiler. The cylindera 
were placed on each side of the boiler in an angnlar posi- 
tion, one end being nearly lerel with the top of the boiler 
at its after end, and the other pointing towards the centre 
of the foremost, or driving pair of wheels, with which^the 
connexion was made from the piston rod to a pin on the 
ontside of the wheel. The tender was fonr-wheeled,*and 
similar in shape to a waggon ; the foremost part holding 
the fuel, and the hind part a water-cask, which primitive 
plan is still adhered to on the Stockton and Darlington 
Railway. The blast was produced by steam, the educ- 
tion-pipe leading into the chimney. On the, day of the 
trial, this engine was manned by Mr James Stephenson, 
an uncle of the maker. 

The only other engine requiring any particular notice 
was the Novelty, by Messrs Braithwaite and Ericsoa. 
This engine carried its own water and coke without any 
tender, and the leading feature belonging to it was its 
lightness and handsome appearance. The whole weight 
of the engine, vrithout water and coke, was only 2 tons 
15 cwt., and dedncting from this 16 cwt. 1 qr. 9 lbs. for 
the weight of the tank, coke-baskets, water and fuel fior 
a journey of thirty-fiye miles, left the nett weight of its 
working power only I ton, 18 cwt. 2 qrs. 19 lbs., while 
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the engines in use on the Stockton and Darlington Rail- 
way at this time weighed 12 tons. It had four coupled 
wheels, the boiler held about 45 gallons of water ; the 
cylinders were 6 inches in diameter, with a 12-inch stroke. 

The boiler, a cylindric one, was placed under the en- 
gine-frame; at one end was the furnace surrounded 
with water, and fed with fuel by means of a hopper 
passing through the steam-chamber, which was over the 
furnace. The heated air went along a flue, making three 
bends backwards and forwards in the boiler, and this flue 
was made gradually less and less till it terminated in the 
escape-pipe. The blast was obtained by bellows which 
threw a strong current of air in at the bottom of the fur- 
nace. The connecting rods were moved by means of bell 
cranks joined by slings to the piston-rod. 

The prize of £500 was, as a matter of course, awarded 
to Mr Robert Stephenson, for his engine, the Rocket. 
Prior to this competition, the greatest loads which were 
drawn by locomotives was 43^ tons gross, engine and ten- 
der included, 15 tons at ten miles an hour, or 28^ tons of 
goods, including waggons ; while the Rocket, in Novem- 
ber 1829, weighing only 7^ tons, drew 44 tons gross, at 
14 miles an hour, being, exclusive of engine and tender, 
36^ tons of goods and carriages ; or, in round numbers, 
the Rocket, only half the weight of the best drawing 
engine previously constructed, drew one-third more load 
at one-third more velocity. The principal improvement 
which led to this great result, was the introduction of 
tubes in the boiler, by which the evaporating power was 
increased to three times that of the older engines, with 40 
per cent less consumption of fuel. These tubes were 
suggested by Mr Booth of the Liverpool and Manchester 
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Railiray. The original inventor, however, wu M. 8e- 
gain, whose patent is dated February 22, 1828, whereu 
the Rocket wu not brought ont till October 6, 1829. M. 
Seguin bad never ancceeded in getting them tight, through 
the expansion of the materials. Mr Robert Stephenson, 
who made several engines fur M. Segoin, effected this by 
hooping them inside, by which means the expansion closed 
them perfectly. 

The engines in the above tnal having been limited as 
to weight, it was immediately perceived that fnrther im> 
provements woald result &om increasing this, and ex- 
pending the addition as much as possible in enlai^ing the 
evaporating powers of the engines. Hence the boilers 
have been made much larger, the number of tubes in. 
creased, and various other arrangements made conducive 
to that result ; and by these means, the weight of the 
engines have been brought up by degrees to what they 
are at present. The number of tubes in the Rocket was 
24, and their diameter three inches ; the Meteor had 88 
of two inches diameter ; the Comet, Arrow, and Dart, 90 
each, of the same diameter ; while the Northumbrian had 
132of1 1 diameter. 

The highest number of tubes we know of in the Eng- 
lish engines is 169, which were tried in an engine built 
by Mr Robert Stephenson for the Grand Junction Rail- 
way. The Planet, which was the ninth engine built by 
Mr Stephenson for the Liverpool end Manchester Bail- 
way, had V29 of Ig inches diameter. The Rocket had an 
8-inch cylinder, and 18-inch stroke ; her boiler was 6 feet 
in length, and 3 feet in diameter; the area of her tubes 
exposed to the heated air was 113 square feet; her dri- 
ving-wheels were 4 feet 3 inches in diameter, and the 
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smaller pair 2 feet 7 inches. The Planet had an 1 1-inch 
cylinder, and 16-inch stroke ; the hoiler was 6-^ feet long, 
and 3 feet in diameter ; the fonr wheels were 5 and d feet 
in diameter, and the sarface of the tuhes 370 feet, besides 
37^ square feet of sarface exposed to the direct action of 
the fire. This latter has varied in di£Ferent engines up to 
108^ square feet, and the area of the tubes has been as 
much as 641 square feet. 

The wear of tubes, and the good performance of loco- 
motives, depend of coarse greatly on the nature of the 
water used in them. The Firefly and Skipwith engines 
used in constructing the London and Birmingham Rail- 
road, had a coating formed round their tubes nearly half- 
an-inch thick, and in consequence they were so nearly 
burnt through, that several broke by the force of the 
steam thrusting out each end of the boiler : they were not 
more than one sixteenth of an inch thick where they 
broke, and were found with openings all round them, 
nearly one fourth of an inch in width ; the water being 
prevented from getting into them solely by the coating 
round the outside. ' Rain water is the best of all, where it 
can be procured, but this will not often be got in sufficient 
quantity ; when stream water is used, it must not be taken 
from those which run over a lias district, and with either 
springs or streams passing over or through calcareous mat- 
ter of any kind ; the water should be tested before admit- 
ting it in an engine, particularly if the streams run slowly. 
Throughout the new red sandstone, the water is generally 
good : a deposit is formed from it ; but not a hard one. The 
safest plan in every instance will be to have, at all the 
places of constant supply, a proper analysis of the water, 
by a practical chemist before it is applied to use. 
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The improremenU which bad bean made In the Planet 
w«re very conipicaoui. They were, in (met, the combina- 
tion in one engine of what had previonily hoen known, 
vii. — the blast pipe, the tabnUr boiler, the horiBontal 
cylipden inside the unoke box, and the cranked axle, to- 
gether with a fire box firmly fixed to the boiler. The 
Rocket's fire box was only screwed agunit the boiler, 
allowing a great leakage of ur which had not passed 
through the fire. The Planet was in the Mersey, bnt not 
landed, when the Liverpool and Manchester line opened. 
On December 4, 1830, she took the first load of merchan- 
dise from Lirerpool to MaDcheater, consisting of 18 wag- 
gons, containing 133 bags and bales of American cotton, 
200 barrels of flonr, 63 sacks of oatmeal, and 34 sacks of 
malt, weighing in the whole 51 tons 11 cwts. ; and this, 
with 23 tons, 9 cwt., which was the weight of the waggon, 
4 tons in tender, water, and fue^ together with fifteen pas- 
sengers, making a total of 80 tons, exdosive of the en- 
gine, was carried the whole distance in two hours 39 
minotes, under the disadvantages of an adverse wind and 
new machinery, where there was of course much addi- 
tional friction. An additional engine assisted the tram up 
the incline at Rainhill. 

Her maximum velocity on a level, with the above load, 
was 15^ miles an honr. On the 23d of November, 1830, 
she was engaged to bring np some voters from Manchester 
to Liverpool for the electJon, and her setting out having 
been delayed so long as to render it necessary to use ex- 
traordinary despatch, in order to bring them to the poll in 
time, she performed the journey between the two places 
in sixty minutes, including a stoppage of two minutes, the 
usnal time allowed for taking in water on the road. 
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Among the leading improTers of these madimeg is Mr 
Edward Bury of Liverpool, who now contracts for the 
locomotiTe power on the London and Birmipgham rail- 
way. The di sting nishing featares of his plan are horizon- 
tal cylinders : these were first put ontside nnder the fram- 
ing, but are now enclosed within tho smoke-bos, which 
all his engines hare, except two made for the Liverpool 
and Manchester railway. Inside bearings, and cranked 
axles, and horizontal cylinders, however, were before 
ased by Gurney in his common road engines. Ericson's 
engine, the Novelty, also had the former. The first en- 
gine made by Mr Bury was the Dreadnoaght, which was 
started on the Liverpool and Manchester railway, March 
12, 1830, She had six wheels, and was much objected 
to on that account. The next was the Liverpool : this 
was the original engine made by him with horizontal 
cylinders and cranked axles. Sbe was placed on the 
Liverpool uid Manchester railway, on July 22, 1830, 
and had an 18-inch stroke, two pair of six-feet coupled 
wheels, and 13-inch cylinders. 

The great danger in cranked axles is from their break- 
ing, which, with four-wheeled engines, might occasion 
considerable damage. They hare been broken repeatedly ; 
but this has not happened fiurly to one of Mr Bury's 
maanfacture : only two have been broken and in both 
cases from bad welding. One of these, the engine No. 
14 on the London and Birmingham railway, was dis- 
covered to have been actually running for some time irith^ 
a broken axle, withont its being found out : 
from the eccentrics being keyed on to the weakest' I 
of the axle, wid thus forming a protectioi 
dents. The above axle had only t 
tioQ soundly welded when sent from t{ 
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Mr Bury'i enginei are now a]l made with cranked aides 
and four wheolii, the goods' enginea being conpledi and 
tlie jiassengen' not. We attribute the lucceas of bis aziea 
in some measure to the mode of constmcting the framing, 
and to his bearings being inside the wheels, as any shock 
from obstructions on the road is thus thrown npon the 
hearings and not on the crank: the framing is made with 
great breadth and but little depth, in order to resist lateral 
shocks ; whereas most other makers' hare great depth 
and but little width, which would afford the most power- 
ful resistance to rertical shocks, bnt, in conjunction with 
the bearings being ontside the wheels, would throw all the 
lateral ones on the cranks. Many broken axles, however, 
have been produced by gross neglect in their manufacture. 
W^e have seen one which had been welded together, and 
there was not a junction of a tenth of an inch in the iron, 
all round ; the whole central part being perfectly black, 
with, not the smallest sign of welding. Mr Bury cuts 
his out of the solid iron, and only welds the part joining 
the cranks to set them at right angles. Some makers 
twist the axles for this purpose. 

The first eight engines made by Mr Stephenson on the 
Liverpool and Manchester railway, viz. the Rocket, 
Meteor, Comet, Arrow, Dart, Phoenix, North Star, and 
Northumbrian, had the cylinders outside the boiler and 
worked by a crank pin on the wheel. Mr. Bury's engine, 
the Liverpool, was then constrncted for that railway, and 
about fonr months after it had been placed upon the line, 
Mr Stephenson adopted the crank axle, and placed the 
cylinders horizontally, with the improvement of putting 
them inside' the smoke-box. This was done first to his 
engine, the Planet, and it was suggested by a conversa- 
tion which Mr Stephenson had vrith Trevithick, when 
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tbey were on their passage from South America. Trevi- 
thick stated there was 40 per cent, increase in the dnty of 
Watt's engines (worked expansively) in Cornvall, from 
patting a jacket on the cylinders. Mr Stephenson's en- 
gines, however, still have their bearings outside the 
wheels, of which there are three pairs. Mr Bury's and 
Mr Stephenson's engines contain, in principle, all that is 
at present effected by any English makers, althongh many 
of tbera have varions modifications in the different details. 
The principal remuning difference between them, besides 
what we hare above described, is that Mr Bury uses 
round fire-boxes, and Mr Stephenson square ones. All 
other circumstances being equal, the former mast evidently 
be the stronger. Of those minor improvements which 
have been proposed by various parties, up to the 1st of 
January 1839, and which appear to be deserving of more 
or less attention, we shall now give a short account- 
Metallic pistons were first applied to locomotives by 
Messrs Murdoch and Aiken of Glasgow, in an engine 
made by them for the Monkland and Kirkintilloch rail- 
way, which was set to work in May 1631. There 
can be no doubt of the economy and great utility of these 
pistons ; and their superiority over the old method of 
packing has been so fully established, that tbey are at 
present in general use. 

In March 1831, Mr Robert Stephenson took out a pa- 
tent for an improvement in the axles. It having been 
found necessary that the wheels should be fixed to the 
axles, and the weight of the carriage being supported by 
concave bearings resting on the upper surfaces of the ends 
of the axles, a difficolty was found in keeping the working 
parts constantly yet economically lubricated ; the oil sup- 
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plied to these parts at the points of contact having a con- 
stant tendency to escape hy its gprayity to the more open 
•pace at the lower part of the axle, thus producing a con- 
siderable and continual waste of oil, and at the same time 
affording a very imperfect lubrication. To remedy this, 
Mr Stephenson employed a double axle, consisting of a 
hollow casing, on the extremity of which the wheel was 
firmly fixed ; through this hollow casing, a solid axle 
passed, and supported on its ends the weight of the car- 
riage by means of concave bearings connected with springs 
to the side rails of the carriage, which, for this purpose, 
was placed on the outside of the wheels. The effect of 
this arrangement was, that the oil or other unguent used 
had a constant tendency to accumulate at the precise 
points at which it was required, namely, on the rubbing 
parts. 

In 1832, Mr Crawshay, the proprietor of extensive iron 
works at Cyfaithfa, spoke very favourably of the perform- 
ance of a locomotive built by Mr Gurney, principally with 
a view to travelling on the ordinary roads, but which was 
fitted to a railroad at Hirwain ; especially as to the ease 
and economy of first construction, the facility of repairs 
when required, the extreme lightness, great capability of 
raising steam, and perfect freedom from danger in the 
tubular boiler. From January 1, 1831, to January 1, 
1832, this engine, which only weighed 35 cwt., including 
every thing of all kinds belonging to it, with water and 
fuel in a working state, drew 42,300 tons nett of coal, 
iron-stone, iron, &c, 2} miles in journeys of 20 to 30 tons, 
consuming during the entire performance of this work 299 
tons of coal, value L.47. 17s.; wages of the engine-man, 
L.52; wages of the fire-boy L.15, 12s. The other ex- 
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penses are not given, bat Mr Cratrsbay stated tliat the 
engine would have drawn twice as much if it had been 
fully employed. 

In 1833 a simple mode of registering the speed of any 
carriage was proposed, which would also show at what 
rate an engine had been travelling through every part of 
its journey. It consisted of a rod turned round hy a con- 
nexion with the engine shaft, and on the rod a small 
steam-engine governor was fixed the halls of which, 
opening in proportion to the speed, rose and sank a point 
carrying a pencil, and this marked a card which was 
slowly turned round by a train of wheel worlf. A curved 
line was thus traced on the card ; consecntive circles gave 
the various rates of speed ; the engine-man could always 
see in a moment at what velocity he was travelling, and 
the rate during the whole journey could be inspected by 
any person at its end, and any irregular ity^detected at once. 

In January 1833, Mr Hancock patented a contrivance 
for remedying the inconvenience eitperienced hy the for- 
mation and adhesion of clinkers on the fire bars, by which 
the combnstion of the fuel is checked, and consequently 
theproductionofsteam,bywhicb the velocity of the engine 
is considerably lessened. The usual method is by means 
of a rake to clear away the obstructions from time to time 
as they arise ; and this is found to be quite sufficient, pro- 
vided the fireman pays proper attention to his duty. In- 
stead of this, Mr Hancock proposed to draw out the whole 
floor of bars, and substitute a dean one. For this porpoxe 
the bars shoald be formed in one entire casting, the oi 
one on each side being cast with teeth undci 
form a rack: a rail under each of these bars in tlie fire-box 
supported the whole floor, aoj 
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working into these racks, and tamed by a winch, the floor 
of bars could be withdrawn, and another sabstitnted, by 
hooking it on to the last end of the set which were to be 
drawn out. 

In July 1833, Colonel Maceroni and Mr Squire patent* 
ed a tubular boiler composed of 81 upright cylindric tubes, 
disposed in nine rows, in the middle of which was the fire- 
place. The tubes were all connected by horizontal tubes 
at the bottom and top, the lower being a water commnni* 
cation, and the upper a steam communication. To prereot 
clinkersand preserve the firebars from being rapidlybomed 
out, they were formed of hollow tubes, through which 
water circulated to the upright tubes of the boiler. 

In October 1833, Mr Robert Stephenson took outano* 
thcr patent for improvement in locomotives, one object of 
which was, to obviate as much as possible the danger of 
cranked axles. These, with the four wheeled engines 
were found at that time to become strained, and sometimes 
broken, owing, as was supposed^ to the great friction be- 
tween the flanges of the driving pair of wheels and the 
rails, especially in going round curves or running into 
sidings, where the centrifugal force would be called into 
action, and occasion the flanges to bend considerably. It 
is evident that any bending of the crank axle, although far 
short of fracture, would occasion such a violent lurching 
motion, through the wheels being put out of square, that 
in all probability either the axle must be broken, or the 
engine be thrown off the rails. To obviate these disadvan- 
tages, Mr Stephenson made his driving wheels without 
flanges, and added a third pair of small wheels to his en- 
gines, in which manner they are now made ; the two pairs 
of small wheels having flanges, and the middle, which is 
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the driving pair, having none. The axles of the Bmall 
wheels being straight, and consequently stronger th^ the 
cranked axles, have heen found by experience not to be at 
all liable to bend ; and the driving wheels, together with 
thecrankedaxle.being thus liberatedfrom all lateral struns, 
the whole of which are transferred to the two ptur of small 
wheels, where there is amply sufficient strength to bear 
them, have been fonnd to stand their work in a satisfactory 
manner. 

The additional pair of wheels also affording the means 
of adding to the weight, boilers of greater strength and 
magnitude were now applied to his engines by Mr Ste- 
phenson, which woald occasion them to last much longer ; 
for of covse the larger the entire capacity of the boiler is, 
the more metallic heating surface it will contain, and con- 
sequently render in a great measure unnecessary that 
intense heat which is so prejudicial to the metal, and which 
was found to burn out the old boilers very soon. This 
diminution in the intensity of the combustion had also ad- 
vantages in another point of view. The jet of waste steam 
which is thrown into the chimney to produce a rapid 
draught for exciting the combastion of the fuel, may be di- 
minished in its velocity, and still produce a sufficient effect. 
This will permit the waste steam from the cylinders to 
escape with greater freedom than oould he permitted with 
smaller boilers, where a greater heat and amore rapid gen- 
eration of steam are Indispensable to furnuh the requisite 

Three pair of beating i^rings wtn attaohod to die en- 
gine, one over each pair of wheels, causing all tbe 
wheels to bear equally and ^dMMtfMBuwdto ease all 
jolta and concussiona. 
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poM, ipecifically adapted to the mpeotlre weight to be 
borne by eacti pair of wheel* ; the main ones, which are 
impcllvd by the power of the engine, being in all cates 
loaded with as much of the total weight ai will enanre 
■uffiuient adiiesion to the rails, lo as to prevent any 
ilipping. 

In thia same patent Mr Stephenion proposed a new 
mode of stopping the engine by means of brakea, act«d 
npon by plungers in ■mall cylinders, into which the steam 
could he let in an instant by turning a small cock. The 
motion of these pistons was commanicated to a ayatem of 
lerera which drew the bralces with considerable force 
against the periphery of the wheels ; by taming the handle 
of the cock in the opposite direction, the steam was allowed 
to escape from these cylinders into the open air, and the 
brakes then separated from the wheels. 

In October 1834, Mr Hick took out a patent for an en- 
gine having three cylinders and a three-throw crank : the 
steam being admitted only at tbe topof eachGylinder,and 
always forcing the pistons downward, the bottom of the 
cylinders^being open, and when the pistons were ascending 
the steam was allowed to escape into the eduction pipe 
which led into the chimney. The intention of the paten- 
tee was to secure, aa he supposed, more adhesion between 
the wheels and tbe rail, from the power being communicat- 
ed in a downward direction only ; be also anticipated less 
vibration than when the actJon of the piston was applied 
either upwards and downwards, or backwards and for- 
wards. The wheels of this engine were to be formed of a 
cast iron nave, properly turned and truly bored. This 
was fitted to receive on each aide discs of plate iron instead 
of spokes i on these discs the external rings and tlrei were 
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fastened, by first expanding their circnrnfereace hj heat 
and then allowing them to contract, bo as to receive the 
edg'eB of the diBcs in grooves which were turned to receive 
them ; the whole were then screwed together by bolts and 
keys in the usual manner. 

In November 1834, Mr Whitesidea of Ayr, in Scot- 
land, took out a patent for an engine in which the axles 
were to be firmly fixed to the engine, and the springs were 
placed inside the wheels, the spokes not reaching the nave, 
but ending a,t a ring about eight inches diameter, within 
which the nave played on helical springs fixed to the inner 
circntnference of the wheel at one end, and to the outer 
circumference of the nave at the other. 

In 1835 Mr Baldwin of Philadelphia made several very 
ingenious attempts at improving the locomotives which 
were constructing by him for several railroads in Amertcai 
In the first place, the guides of the piston-rods were made 
hollow, and these cavities used as chambers for the force 
pump, thus giving additional strength for the guides, with 
but little increase in their weight, and dispensing entirely 
with the frame and fixtures of the ordinary force pumps. 
Secondly, his pumps have five valves, the one nearest the 
boiler being loosely swivelled to a stem passing through a 
Steam-tight collar in the top of the valve box, by means of 
which the valve can be sounded, and in most cases freed 
from obstructions: the other four are contained in one box, 
secured to the pump by a stirrup, whiiih can be removed 
by loosening a single screw, so that the valves can be taken 
out, cleaned, and replaced in a few minutes, thus almost 
supply of water to the 
engine. Thirdly^^|tfUU|^l|^^B<ik-sbaft9 extend t 
opposite tai^g/^^^^^^^^^^^gg^^xie rod has 
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hooks turned in opposite directions, so that it may be 
geared to either arm of the rock'Shaf);> the eccentrics being 
fixed to the axle. When the eccentric rods are geared to 
the same arms of the valve rods, the motion of the valyes 
corresponds with that of the eccentrics ; but it they are 
geared to opposite arms, the engine is reversed, and if not 
geared to either arm, the valves can be worked by the hand 
gear. This method dispenses with much complicated ma- 
chinery. Mr Baldwin also dispenses with one arm of each 
crank, fixing the wheel to the wrist of the cranks, which, 
by this means, are further apart, admitting of a larger 
boiler, with a better distribution of its weight. The heels 
and spokes of his wheels are of cast iron, the felloes are of 
hard wood, on which is a wrought iron tire. This arrange- 
ment is found to be advantageously elastic. The steam-pipe 
is introduced into the boiler through the opening by which 
it usually communicates between the dome and the cylinders, 
the throttle-valve being fixed on the steam-pipe. This ar- 
rangement allows the pipes to be made without a joint 
inside the boiler, and no man-hole is required; the June, 
tnre between the dome and the boiler being fitted so as to 
allow the dome to be readily taken on and off, and its aper. 
ture used as a man-hole. 

Mr Bergin s buffing apparatus, which we have before de« 
scribed, was patented in March ; Mr Booth s axle grease 
in April 1835. In December Mr Blyth took out a patent 
for a method of retarding the speed of railway trains. It 
consisted of a friction wheel on the inner side of the nave 
of the carriage wheel. Around this was brought a band, 
from whence it was conducted and made fast to the car- 
riage body, in such a manner, that in descending an inclined 
plane, when the carriage body naturally inclines forwards^ 
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it drew by means of the band, the friction wheel against 
the running wheel, thus creating a retarding force in pro- 
portion to the inclination of the plane. 

In January 1836, Mr Booth's draw-bar, which we have 
before described, was patented ; and at the same time a 
new method of stopping trains was proposed by the same 
gentleman, and included in the above patent. This con- 
trivance was to effect its pnrpose by checking or stopping 
the speed of the engine> through the means of a throttle- 
valve introduced into the blast-pipe, just where the two 
exhaustion pipes unite into one, and below the place wliere 
the pipe is contracted in area, for the purpose of producing 
the blast. From this throttle -valve a rod passes through 
the chimney, and is placed within reach of the engine- 
man. By closing diis valve, without shutting off the 
the sleam, the pistons are speedily, but not suddenly 
checked, and the engine is soon brought to a stand, with- 
out much violence to the machinery. 

Early in the same year, a committee of the city council 
of Baltimore was appointed to witness the performance of 
a locomotive, built by Messrs Gillingham and Winans, for 
the Baltimore and Ohio Railroad Company, by contract) - 
for 50,000 dollars. The weight of the engine was 8^ 
tons, and the load attached to it was 17^ tons, inclading 
the tender, viz. : — ■ 



Four-wheeled passenger car, Paterson, ] 10 

Ditto Carol, . 1 15 
Eight-wheeled double passenger C.11-, . 4 17 


2 
2 
2 











45 passengers, , . ..30 
Tender, . . .47 
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The fuur-wheeledcari were capable of carryiag 17 pai> 
sengen each, and the eight-wheeled Dne44. With the shove 
load the committee itate that the performance of the engine 
on the Baltimore and Ohio Railroad was aa follow! : — A 
plane 2150 feet long, and riling 197 feet per mile, or 1 in 
27, for 2050 feet, and 201 feet per mile, or 1 in 26 for 100 
feet, wai Biceiided ; the impetns previoualy acquired on the 
level being loit in the first 300 feet of the accent, and the 
engine then steadily progressing to the top at the rate of 
four to fire miles an hoar. A pUne 3000 feet long, S800 
of which was at the rate of 170 feet per mile, or I in 31 ; 
100 feet at 227 feet per mile, or 1 in 23^ ; and the 100 
feet next the summit at 261 feet per mile, or 1 in 20, was 
ascended at the rate of 5 to 6 miles an hour, to within 30 
^eet of the top, when it stopped. The three soinU cars, 
weighing 5 tons 1 cwt., were then cast off, and ibe engine 
started without assistance, and drew the 12 tons 4 cwt. to the 
top. The engine was coupled, and had 12^inch cylinders 
with a 22-inch stroke. The boiler bad 400 tubes, (umish' 
ing plenty of steam : the maximum velocity is not given- 
In September 1836 a patent was taken out by Messrs 
Van Wart and Goddard, for a locomotive engine, invented 
by Dr Cburcli, who had long been labouring to effect steam 
transit on common roads. The railway locomotive con* 
stnicted by Dr Church has a very handsonie appearance. 
It carries its own fuel and water, and the engine-man is 
placed in the front, not behind, as in the usual arrange- 
ment. The frame-work and external casing is of sheet 
iron, the water tank being low down, and outside tbe wheels. 
The furnace is nearly surrounded with water communicat- 
ing with the boiler, and its fines terminate in 
Ucal tubes, which lead to the chimney, and which are also 
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smronnded by the water in the boiler. The cylindert are 
horizontal, and placed in the fore part of the engine, and 
there are safety valves to each of the two Bt«am chambers. 
The wheels are very similar to those of Mr Hick's, being 
formed with slender spokes made of thin bar iron, fixed at 
their inner ends into the nave, by having the ends of the 
metal upset in the shape of a dovetail. These are made 
&st in the nave by caulking ; their outer ends butt against 
theinsideoftherim oftbewheeL These spokes have their 
breadth at right angles to the plane of the wheel, and are 
boxed in on each side by a circular plate or disc of sheet 
iron, confined in its sttuation partly by a series of tenons 
formed on the edges of the spokes, which pass through cor* 
responding mortices in the disc?, and are then rivetted on 
the outside. Both the discs are attached to the nave of the 
wheel, by having their inner edges upset in the form of a 
dovetail. They are then heated and secured, by riretting 
over, into slight grooves, against dovetailed shoulders 
formed round the nave. In the same manner the outer 
edges of the discs being also upset in the form of dovetailsi 
are inserted iifto grooves inside the rim of the wfaeel, by 
heating the rim, and then shrinking it on to the discs, after 
which the rim is caulked upon the dovetailed edges, so as 
to secure the discs firmly. 

In December, Mr Harrison took out a patent for an en- 
gine, having cogged wheels, with a view to diminish 
the velocity of the piston the driving wheels of the en- 
^ne make three revolutions for each complete stroke 
of the piston ; and as they are five feet in diameter, they 
give a velocity equivalent to tifteen-feet wheels with the 
iOHte. The boiler is placed 
i machinery on ano' 
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ther, each having four wheels. The cylinders are hori- 
zonta]> and the connecting rods are attached to a donble 
cranked axle, on which is the cogged wheel ; this works a 
pinion on the axle of the driving wheels. The axle of the 
driving wheels has a motion up and down, as usual, to 
allow for imperfections in the road ; and the cogged wheel 
and pinion are kept at the requisite distance in gear, by 
the supports of the cranked axle being fixed over and con- 
nected with those of the driving wheels, and thus moving 
in conjunction with them. Two eccentrics on the cogged 
wheel axle work the slides with usual levers and hand-g«ar» 
and the steam from the cylinders is thrown into the chim- 
ney. The two carriages are connected by a bar, and 
the steam pipes have a ball and socket joint for later> 
al motion, with a metallic ring packing ; they also are com- 
posed of two parts, which slide one within the other, allow- 
ing by this means a motion in the direction of their length. 
The tank is under the boiler, and the engine wheels are 
coupled, in order to have the whole weight, for the pur- 
pose of obtaining adhesion. In order to keep the teeth 
at the right pitch, and prevent backlash, on reversing the 
motion, the pinion is in two parts, one of which is moveable 
round the axle, and by means of keys these may be set so 
as to place the two halves of the teeth a little out of the 
right line, and thus tighten their action. 

In April 1837, Mr Henry Booth took out a patent for 
Supplying the fuel to locomotive (or stationary) engines, by 
means of a coal-box attached behind the fire-door of the 
usual furnace, from which the fuel is proposed to be in- 
troduced into the furnace, through a long narrow aperture, 
extending the whole width of the furnace, instead of its 
being supplied, as now usually done, through the fire 
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door* The door to the coal-box, Tphich is twice the size 
of the furnace door, being opened, and also the farnace 
door, the farnace is charged with coal, and lighted in the 
ordinary way ; the farnace door being then shat, the coal- 
box is also charged with the fael, which lies on fire-bar?, 
forming an inclined plane ; on this the coal descends 
gradually into the farnace. The coal-box is kept con- 
stantly filled up a few inches above the bottom of the 
water space, or enter casing, under the fire-door, along 
the whole width of the furnace. When the fuel is pro- 
perly ignited in the furnace, if the engine is in motion, 
the shaking of the boiler, furnace, and coal box, assisted 
by the inclined position in which the coal lies on the planr^ 
will partially supply the furnace with fresh fuel : any far- 
ther desirable quantity may be introduced by using a 
pushing rake between the bars of the inclined plane from 
below, through the narrow slits made for that purpose in 
the coal plate ; and this fresh coal goes under that which 
^s already ignited, by which means its smoke is in a great 
measure consumed, at a consequent saving in the consump- 
tion of fuel. 

During the same month, a patent was taken out by Sir 
George Cayley for a locomotive engine for either common 
roads or railways, to be worked by hot air, partially as- 
sisted by a small portion of steam, at first starting, or at 
any difficult points, which steam is to be produced by the 
injection of water through a rose-ended pipe into the furnace. 

In May, Mr Hague took out a "patent for carriage 
wheels. These appear to be exactly similar to those of 
Mr Losh*s, with the latest improvements, except that Mr 
Hague, after he has bent his iron round so as to form two 
half spokes and a connecting felloe, (which connecting 
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felloo, when tlio requisite number mre pot together, formii 
the inner rim of the wheel,) welds the ends together be- 
fore casting the nave round them. 

In June, Mr Thomas took oat a patent for a mode of 
otiuncnnixing fuel, by conducting the waste steam from the 
«)ngine through the fire bars, which are made hollow, and 
nUowing it to enter among the fuel, through jets, where 
tho vapour lK>coming decomposed, and forming new com- 
binutiouN with the gases arising from the burning fuel, ig- 
nition tnkos place. We are not aware what is the saccess 
of thi« invention ; but a jet of steam thrown into pit coal 
suiukts in a slanting direction, from above the fire, has 
be«^ successfully used, both in a great measure to effect 
the c4»usumption of the smoke, and to produce also a re- 
duction in the quantity of the fuel. 

On the :^ 1st of the same month, Mr Harrison obtained 
H patent for placing locomotives on two carriages instead 
of one, the boiler and engine being separated, so that each 
is nuuinted on its own carriage, and a connexion formed 
by bull and socket joints, to convey the steam to the cy« 
linders, by which means only the one which required any 
repairs would be laid up, and the remaining part could 
be attached to another boiler or engine, as the case might 
be, so as to lessen considerably the expense of keeping a 
large number of spare engines, as well as that of some- 
times nearly stripping an engine to repair, perhaps, a part 
of the boiler. 

An American engine, made by Morris of Philadelphia, 
is now on trial for the Gloucester and Birmingham Rail- 
way, and is spoken very highly of. It has one pair of 
driving wheels, and two pair of running ones, very small, 
and turning with their frame on a pivot, to assist in going 
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roand currei. Its performance up inclines, in particular, 
U spoken very highly of; beiag 120 tons at 18 miles an 
hoar up the W^hiaton plane, on the Liverpool and Man- 
cliester Railvray. It has been got ap almost without the 
urn of a file by lathes and planing machines. The pistons 
and working parts are all outside the framing, which 
allows the boiler to be very low down. The driving 
wheels are 4 feet diameter, and the rnnning ones 2 feet 

inches. It has 7C tubes, and works by a crank-pin out- 
side ; the wheel 9 inches from the centre of the axle. 

Mr Melling of Liverpool is the inventor of a new mo- 
tion for opening and shutting the slide valves ; but 
as it requires a drawing to eicplain it, we must refer to our 
treatise on the Steam- Engine, where it is figured and de- 
scribed ; and we shall close this description of the various 
attempts at improving the construction of locomotives, by 
a statement of the proper proportion of tubing for the boil- 
ers, so as to afiiord in the aggregate a maximum quantity 
of surface exposed to the hot air. Mr Buck, at the Civil 
Engineers' Institution, January 1839, gives this as fol- 
lows ; namely, that the distance between the diameter of 
each adjacent tube should be four times the interval be- 
tween their internal surfaces, by which means from 23 to 
26 per cent is gained in evaporating power beyond the 
usual method. 
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Plates I. II. III. exhibit vieits of a puir of 
marine engines, constmcted by Mr Napier, ft 
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BritUti and North American royal m>il Bteani-flhip* 
Britanoia, Acadia, Caledonia, and Culambia, plying 
between Liverpool, Halifax, (Nova Scotia) and BoatOD, 
(V. S.) The fullovring are the general dinieDBioni of the 
vessel and engines. 



Length from figare-head to taffrail, 
Length uf keel and fore-ralie, ■ 
Breadth of beam between paddles 
Depth of hold, 
Diameter of paddle-wheel. 
Length of floats, 
Diameter of cylinder. 
Length of iitroke, 



228 

206 
31 6 
22 6 



6 10 



The power of the engines is about S40 horse power 
The paddle ahafta make 16 revolutions per minute. The 
tonnage of the vessel by the old law is about 1200 tons. 

Plate I. is a side elevation of one of the engines. 

Plate II. is the elevation of the crank end of the en- 
gines, and Plate III. the elevation of the cylinder end. 
By an inspection of these engravings it will be- seen, 
that the parts of the engines are sustained by an elegant 
and rigid Gothic framing, rendering them, notwithstand- 
ing the ponderosity of their different parts, entirely inde- 
pendent of the vessel on which they are placed. A A are 
the cylinders, B the slide-valve casing, C the condenser, 
D the hot well and air vessel placed on the top of the con- 
denser. E the air-pump, FF the feed-pumps. The mov- 
ing parts of the engine are as follow: — K the cylinder 
piston-rod, I the cross-head, H the cylinder side rods 
descending to the great side levers GGG. Connected 
with the parts last described are the radius rods of the 
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parallel motion L, the motion side rod L', and the paral- 
lel motion shaft /, V the valve or weigh-shaft on which is 
fixed the valve lever W, whose other end is inserted into 
a clutch on the slide valve link c. On either side of the 
centre of the great lever depends a side rod ff, to work 
the bilge and brine pumps, ^nd to its extremity are 
attached the links of the cross-tail of the connecting rods, 
P the links, Q the cross-tail, R the connecting rod. To 
the upper end of the connecting rod is attached the crank 
S ; T is the intermediate or crank-shaft, T T the paddle- 
wheel shafts. On the crank-shaft is placed the eccentric 
U; and uu is the eccentric rod working the eccentric 
gab-lever v on the valve or weigh shaft 1 1^. ^ y V t^® 
expansion valve apparatus, h h escape valves at top and 
bottom of cylinders, X paddle wheels, k lever for start- 
ing the engine, 1 1 steam-pipes, 2 2 waste water pipes 
from hot well, 3 double force-pump for filling boilers, 
extinguishing fires, and washing decks, 4 4 engine beams, 
55 5 5 midship section of vessel, 6 6 thick planks checked 
in upon and bolted through the timbers thus : — 




Plate ly. Side and end elevation of one of the en- 
gines of her Majesty's mail packet. Urgent, and also 
of the Actseon, built by Messrs Caird and Company of 
Greenock. The Urgent plies between Liverpool and 
Dublin ; the Acts&on between Liverpool and Glasgow* 




i Td-JlTKHITOK or TBI 




UrjMt. 


ActMn. 


Ft. in. 


Ft. in. 


172 1 


171 


96 


25 10 


17 S 


17 3 


31 6 





LoAT^ K tf^ Kul iie* nJte^ 

vf Mt^w»j* puMik ia 3 Wndibi of 

aV<«i 7 i».-W« Mt-V 8 10 

P,i=^:rt .-<.,■> :*ier. 5 2 5 2 

L-iOi^:*-^i*. 5 9 5 9 

Thi p-.-wtft I*:' «vk,k <!•{ At tu^ta it 140 borse pon-er. 
TIi« pidtLe f^Lt:^ ti:Ar» Avni twenty reToIntioas per 
iDiiio*.<?. Tb« tv'3ii>^^ of U(« UrE«Bt, by tbe old law, is 
o*-J'' ; — of ibe AviAvu -'M^*. A A is the cylinder, C 
tt:e cvui^iuer. E tbe air-pumiv H the cyBnder side rods, 
I ;h« cylinder ■.-ms$~heAJ. It ibe tkIt* c«ung,W (be valve 
lerer, W Wtheback lMlAn.v.tiGG fbende levera,? the 
LToii-iail links, Q tbe crvss-tail, R the connectbg rod, 
S tbe crank, U tbe eccentrir, N ibe air-pnnip side rods 
M tbe air-pump cross-bead. 

Platen Vt VI.,VII.,represeiit the engines of ibe Achil- 
lea, also built by Messrs Caird and Cumpany, to ply be- 
tween Liverpool and Glasgow. Plates Y^ VI^ show 
tbe two aide elevations of one of tbe engines i and 
Plate VII. a lection of the vessel to ■ lesser scale, with 
the engines, paddle wheels, &-c., in situ. The arrange- 
ment of the framing of these engines ia highly beautiful. 
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The entablature supported by the columns, noiting both 
engines in one design, gives masgineas of appearance as 
well as great strength to the structure. In plate 
VJ. ts seen the apparatus for working the engines espan' 
sirely. On the crank-axle T is placed a series of cams, ttl 
n-hich act upon the roller of the expansion-Talve tumbler. 
Vt/i/ff are the expansion-TalTe connecting rods and levers. 
Z is the valve chest, and the valve is of the kind called 
equilibrium valves, or crown valves. The other parts 
are A the cylinder, B the valve-chest, C the condenser, D 
the hot well, £ the air-pump, F the feed and bilge pumps, 
GG the great lever, G' its main gudgeon, H the cylinder 
aide rods, I the cross-head, K the piston-rod, LL the 
parallel motion, M the air-pump cross-head, N the air* 
pump side rods, O the air-pump piston-rod, P the coo. 
necting rod cross-tail links, Q the cross-tail, B the con- 
necting rod, S the crank, U the eccentric pulley or 
cam, u uw the eccentric rod, V the valve-shaft, WW. 
tlie valve-lever and counterbalance lever. 

Plates YIIL, IX., X. The engines exhibited in these 
plates are a pair of 110 horse power each, construct- 
ed by Messrs Fawcett, Preston & Co. of Liverpool. 

Plate VIII. shows the side elevation of one of these en- 
gines. Plate IX. shows the -elevation of the crank 
end of both engines ; and Plate X. the cylinder end of 
the engines, drawn to a somewhat smaller scale. The 
letters refer to the same parts as in the engines already 
described, and it is unnecessary here to repeat the de- 
Plate XI. In this plate is giiren a representation 
of K^||||MjM|d|gyM^^^H||A5 horse power, with a 
ide elevation ; Gg. '2 
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a plan or bird*8-eye view; fig. 3 an elevation of the 
cylinder end ; and fig. 4 an elevation of the crank end. 
The same letters indicate the same parts as in the former 
figores. 

Plate XII, fig. 1. is an end view, and fig. 2 a side 
view, of a double towing-engine of forty-five horse 
power and three feet six inches stroke. The most strik* 
ing peculiarity of this engine is, that the paddle-wheel 
shaft is separate from the crank-shaft, and driven by it 
through the intervention of toothed wheels. T is the 
crank shaft, with its spur wheel driving the spur wheel 
of the paddle-shaft T>. The other letters refer to the 
same parts as before. 

Plate XIII. In this plate are represented two engines 
of direct connexion, constructed by Messrs Tod and 
McGregor, Glasgow* 

In figs. 1 and 2 of this plate, the crank S of the 
engine is placed directly above the cylinder A; the 
piston-rod K carries a cross-head I, which is guided to 
move in the vertical direction by two cross guides gg^ 
one at each extremity, whose ends slide upon the vertical 
pillars ppy which sustain the framing for the support of 
the crank-axle. From each end of the piston cross- head 
depends a side rod HH, whose lower extremity, together 
with the ends of the side rods PP, which depend from 
the cross- tail Q of the connecting rod R, are attached to 
the end of a side lever GG. To the opposite end of the 
side levers are attached the side rods N of the air-pump, 
and on either side of its centre the side rods of the feed 
and bilge pumps F. The parts not already described 
are a a the slide-valve, C the condenser, E the air-pump, 
S the crank, U the eccentric, and uuu the eccentric rod 
and valve-gear. 
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In the engine represented in figs. 3 and 4, the pis- 
ton-rod K terminates in a triangular frame III, from the 
apex of which the connecting rod R descends to the 
crank S ; and to the extremities of its hase are attached 
the piston-rods O O of the air pamps EE, which are in 
this case two in number, and situated one on each side of 
the cylinder. The triangular frame III is confined to 
move in a vertical direction, by its cross-head gg being 
guided in the slide pp* The remaining parts are, A the 
cylinder, CC the condensers, a a the valve- chest, F the 

feed-pumps, worked by an eccentric/*^ Um the eccentric 
and valve-gear, and eeee the framing of the engine. 

Plate XIV. Fig. 1 of this plate is a side-elevation, 
and fig. 2 an elevation of the cylinder end, of a pair of 
marine engines constructed by Messrs Seaward of the 
Canal Ironworks, Limehouse, for H. M. steam-frigates 
Gorgon, Cyclops, Prometheus, and EUecto. These en- 
gines are of a peculiar construction ; the crank, as in the 

engines of the last plate, being directly above the cylin- 
der, the connecting rod only intervening between it and 
the piston-rod. They are of the class of .the vibrating 
pillar-engines, the pillar which supports the beam turn- 
ing upon a centre at its lower end. A is the cylinder, 
B the valve-chest, C the condenser, E the air-pump, K 
the piston-rod, R the connecting rod, S the crank, 666 
the beam, g the vibrating pillar, L the radius-rod, N 
the air-pump side rod, M the air-pump cross-head. 
Plate XV. is a side elevation of a locomotive engine. 

a, the steam whistle which is made use of to warn 
workmen on the road, and persons on the stationii 
when the engine is approaching. It is formed bj a pipe 
through which the steam is allowed to pass at pleasurei bf 
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turning a cock; it then rushes against the thin edge of the 
upper domed part, which is hollow like a bell, and gi^es 
oat a clear sound when the cock is properly turned, which 
may be heard at a very great distance ; b, an elevated 
dome, up which the steam pipe rises to nearly the top, to 
prevent the motion of the engine throwing water out of 
the boiler. This dome, when taken o£P, forms the man- 
hole ; c working safety valve, the lever of which is at* 
tached to a spring weighing-machine ; d lock-up safety 
valve, which is screwed down to the required pressure by 
a series of springs ; e, chimney ; this generally has a wire 
ganze at the top to prevent the escape of sparks, and some- 
times a damper to regulate the force of the blast-pipe ; 
y smoke-box, in which are the cylinders, the end of one 
of which is seen at g, with the cock A, which is to let out 
condensed water or priming from the cylinder. There is 
a large door in the front of the engine, opening into the 
smoke-box, to allow of repairs being made to the cylinders, 
tubes, &c. inside ; i i i three gauge cocks, to ascertain the 
height of the water in the boiler ; k water gauge, showing 
in a glass tube the height of the water in the boiler. This 
gauge communicates by a cock at the top with the steam, 
and by one at the bottom with the water. It also has a 
second cock at the bottom, for the purpose of emptying it 
when necessary ; I steam regulator, by turning which, the 
steam is shut off, or let into the cylinders ; m railing 
round the place where the engine-man and fireman stand ; 
n fire-box, containing the furnace, round which a thick- 
ness of about three inches of water circulates from the 
boiler ; the top is also full of water to the height of that 
in the boiler ; o supply pipe connected with the tender, 
from which water is pumped in at pleasure by means of 
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the pnmpB p, which are worked by arms fixed on the pii- 
ton-roda, and ranniug in guides; g the handle which 
tnma the pet cock ; this is nsed by the engine-man to 
ascertain when his pnmps are in proper order, in which 
case it throws out water, but when they are deranged it 
gives out steam ; there is one on each side of the engine ; 
r s cock by which the boiler is emptied, and tbe engine 
blown o£F. Plates also take o£F at the bottom of the boiler, 
and open into the mad-boles, which are also used to dean 
the engine internally; < s strengthening rods to the 
frame-work of the engine; ( f stays from the framing 
to the boiler; u draw- bar, to which the tender is attached; 
V door to the furnace ; there is a similar one to the lower 
part of the fire-box, which is formed into the ash pit, and 
is open to the front for the purpose of increasing the draft; 
UT the frame-work of the engine. Some makers place this 
with its breadth horiiontal instead of vertical, and Mr 
Bory of Liverpool has his bearings inside the wheels in- 
stead of outside ; x x tbe axle guards which play up and 
down in grooves in tbe sides of the axle boxes ; ff hook 
for attaching carriages to the fore-end of tbe engine; 
there is a similar one on the other side; z one of tbe 
buffers. These buffers consist of leather cushions stuffed 
with horse hair, and their use is to break the shock arising 
from any concussion which tbe engine may receive. 
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Academy of Sdences — vide French Acadamy, 

Acadia stesm-Tessel, the ^ze and poner of, 266. 

Achard's experiments on the elastic force of steam, 57. 

Air, the effect of the pressure of, on the production of steam, 17. 
Dr Dalton's experiments on, 18. Table of the pressore of, 19. 
Sir John Kobison's observations on the variable temperature of, 
19 ; as affecting the boiling of ivater, 20. Dalton's experi- 
ments on the weight of, 138. Table of tlie denraty of, and 
steam, 139. 

Air-pnmp of the marine steam-engine, an acoount of the, 273. 

Alcohol, Setoncoort's eiperimeotB on the force of tha v^khit of, 
36. Pronj's formula of the vapour of, 104. 

America, the river steam-vessels of, superior to those of Britain, 
174. Estimate of the number of steam-vessels in, 17E. Ac- 
count of the constraction of steam-ressels in, 242. 

American pretendons to the invention of navigation by steam, 
227. 

Apartments, Warming, by steam, 143. Eooaomy of fliel in worm' 
ing by steam, 144. Description of iqiparatos for, 147. 

Aqueous vapour, Prony's formnia of the lav which gaverna the 
relation between the temperature and the elasticity of, 102. 
Laplace's experiments on, 104. Biot'a experiments on, 106. 

Arsberger's experiments on high pressure steam, 68. 

Atmosphere-, Sir John Hobisoa's observations on tbo varl*tiont of 
the, 19. 

Baldwin's attempt at the improvement of locomotives, 345. 
Barometrical changes on steam, 19 ; table of the, 20 ; method 
of measuring heights by steam, 20. 




Batlu, wirndng of, b^ iteun, 168 1 dMcripUon of i^ptntof for, 
169. 

Bell, (Henry,) the firrt penon in Great Britain who ^pliad the 
iOTention of Miller, Taylor, and SjiDington, in naTigation by 
Keam, to mercantile lue, 212. An aecooat of, 213. The 
Comet BteaiD-Teuel belonging to, the Grat tra^ng steam-veMel 
In Europe, 214 ; draniog and description of hii (team-TeiMt the 
Comet, 217. 

Betancoort'i nperimenti on the force of the Taponr of water, 
alcohol, and other liquids, at Tkrioog temperatnree, and decerip- 
tion of his apparatns, 3G- 

Biot's experiments on aqueous rapoon, 104. 

Black, (Dr,) the discoTerer of the doctrine of latent heat, 16. 
Method of determining the latent heat of steam, 132. 

Blinkinsop'i patent for the improvement of locomotion by ateam 
320. 

BIyth's patent for a method of retanBng the speed of railway 
tnuns, 346. 

Boiler, explanation of Zeigler's experimental, 34. 

Boiling, point of, of steam, 13; liquids by steam, 168. De- 
scription of apparatns for, 158. 

Bones, Dr Papin's method of extracting gelatine from, 166. 

Booth's patent for the sapplying the fiiel to locomotive or ita- 
tionarj steam-engines, 350. 

Botanic garden of Edinburgh, experiments in warming by ateam 
the palm-house of the, 151 , 

BnuthwMte's and Ericson's steam-engine Novelty, an account of, 
332. 

British Queen steam-vessel, the site and power of the, 256. 

Bucbanan's occoont of a reefing paddle-wheel, 316, 

Bury's improvements on locomotion by steam, 337. 

Bushnel's revolving o^rs, 179. 

Caledonia ateam vessel, the raie and power of the, 256. 

Caloric, effects of, on ateam, water and ice, 8) the, on steam, 16; 
intenmty of, ascertained by tho thermometer, the qoanlity by 
the calorimeter, 127, Capacity for, of water, of mercury, and 
of oil, 128 ; table of tho specific, in different substances, 129 ; 
effects of, apon ice, 130; when called latent heat, 131. Me- 
thod of determining tbe latent heat of ordiiw'y steam, tb. 
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Witt was the first who determined the latent beat of steam, 

132. Black's method of cietermining the latent heat of 

■team, 16. Rumford's, Southern's, and Schmidt's eiperimeots 

En' determining the latent heat of steam, 133. Watt's coq- 

clu^on as to the amount of, in a given quantit; of elastic va- 

pour, 134 ; quantities of, g;iven out during their combustion by 

different kinds of fuel, 140. 

Calorimeter, the quantity of caloric ascertained by the, 127. 

Cattle, Neirlands' steam apparatns for cooking the food of, 169. 

Cavallo, method of finding the heights of mountains by boiling 

water matured by, 24. 
Cayley's, (Sir George) patent for locomoUve engines for com- 
mon Foads or railways, 3fil. 
Chapman's patent for the impmrement of locomotion by steam, 

322. 
dmrch's locomative steam-engine, account of, 348. 
Clement's expeiiments on the latent beat of steam, 133. 
Clermont, (the,) the first American steun-boat, by Fiilton, and 

account of the performances of, 207. 
Clothes, method of drying, by steam, 167. 

Clyde, Contrast between the narigation b; steam thirty years ago, 
with that of the present day, on the, 221 ; account of the con. 
struction of steam-vessels on the, 244. 
Coal, vide Fuel. 
Colour of steam, dissemination in the aii necessary to give the, 3. 

Nobili's DbservatioDB on Ibe, 6. 
Cochrane'e, ( Lord,) contrivances for the improvement of locomo. 

tlon by steam, 323. 
Columbia steam-vessel, the size and power of the, 266. 
Condenser, of the marine steam-engine, 273. Various attempts tO' 

improve the, 274 i euquirj into the best state of a, 276. 
Conditions of steam, water, and ice, and alternadons produced bj 

caloric, 8. 
Cooking by steam, 161, Dr Papin's ^gester for, 163 ; appa- 
ratus for, 167. Newlands' apparatus for the food of cattle, 
169. 
CuLen's, (Lord,) account of Miller's experiment for ascertdniDg 

the powers of the steam-engine in propelling vessels, 194. 
Cylinder of Ihe marine steam-engine, 268 j table of the dimen* 
NOUS of the, of given horse power, 271- 
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DaltoDj (Dr,) illustrations of tho doctrine of latent heat, by, 15. 
Experiments on the pressure of air in the production of steam, 
and table of results by, 18. Experiments on the elastic force of 
steam by, 59. Table of the force of steam from water in yari- 
ous temperatures by, 61. Views of the laws of vapour by, are 
those from which may be gained the clearest and most adequate 
conceptions, 97. Experiments on the vapour of water at vari- 
ous temperatures by, 98. Experiments by, on the vapour of 
water adopted by Li^>lace, 104. Experiments on the weight of 
air by, 138. Table of the density of air and steam by, 139. 

Desorme, experiments on the latent heat of steam by, 133. 

Despretz, result of experiments on the latent heat of steam by, 
133. 

Digester, Dr Papin's, for softening bones and cooking, 161. 

Distillation in vacuo, the method of, 26. Howard's improve- 
ment of, adapted to obtaining delicate extracts from vegetables, 
27. 

Distilling by steam^ an account of, 158. 

Drying by steam, 157. 

Ebullition, in vacuo, 17. Variations of, according to the tem- 
perature of the atmosphere and Sir John Robison*s observa- 
tions on, 19 ; affected by the distance from the centre of the 
earth, 29. Description of the pulse glass for illustrating the 
progress of, in vacuo, 28. 

Eccentric valve of the marine steam engine, an account of the, 
283. 

Egyptians, Contrivances for propelling vessels by paddles, by the, 
178. 

Elastic force of steam, 33. Ziegler's researches concerning, Hk. 
Dr Robison's experiments on the, 39. Watt's experiments on 
the, 45. Result of Watt's experiments on the, 48. Southern's 
experiments on the, 50. Achard's experiments on the, 57. 
Dalton's experiments on the, 59. Dalton's tables of, from water 
at various temperatures, 61. Dr lire's experiments on the, 62. 
lire's tables of the, 67. Experiments of the French Academy 
on the, 69.2 Experiments of the Franklin Institute on the, and 
description of the apparatus, 77. Table of the, 88. Mathema- 
tical laws which connect the, with its temperature, 94. Vari- 
ous formulse for, 107. 



INDEX. 367 

]|31ftrtic force of vapottr at different temperatures, 120. 
EUsabethy (the) probably the first remunerating steam-vessel in 

the world, description and performances of, 220 • 
Evaporation, method of producing, by steam, 155. Goodlet's 

method, 156. 
Expansive valves for the marine steam-engine, account of the, 

283. 

Fahrenheit, Boiling water as the means of determining the heights 
f mountains, suggested by, the subject further matured by 
Cavallo, and finally perfected by Wollaston, 23. Scale of tem- 
perature by, 101. 

Food, wholesome and nutritious, extracted from the most unpro • 
mising materials, by means of steam, 33. Dr Papin's digester 
for preparing, by steam, 163. Newlands* apparatus for cook- 
ing, for cattle, 169. 

Force of steam — vide Elastic force of steam. 

Form, proportions, andmechanicid structure of steam- vessels, 293. 

French academy of sciences, experiments of a commission of the, 
on the elastic force of steam, 69. Description of the apparatus 
of the, 70. Result of tlnrty experiments on the elastic force of 
steam, by the, 75. 

French, Claims to the invention of navigation by steam by the, 
238. 

Franklin, (Dr) the pulse glass, an InTention sttribated to, 28. 

Institute, experiments of the, on the elastic force of 

steam, and description of the apparatus, 77. Table of the elas- 
tic force of steam at different temperatures, by the, 88. Table 
of the elastic force of steam from one to ten atmospheres of 
the, 93. 

Fuel, Dalton's experiments with, 141. Quantities of caloric given 
out by different kinds of, during their combuaU<Hi, 141. Quan- 
tity of steam obtained from a given quantity of water and, 142. 
Parke's investigations respecting, 142. 

Fulton, (Robert) account of the early lifb of, 200; attempts to 
blowup the English ships blockading the coast of Franoe, and 
results, 201 ; returns to America, and account of his experi- 
ments in the improvement of steam navigation, 202 ; constructs 
a steam- vessel on a large scale; untoward result : builds another, 
and the result a failure, 204. Visits and witnesses the perform- 
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ances of Symington's steam-boat on the Forth and Clyde Canal, 
205. Famished by Symington, with information respecting his 
steam-boat, 206 ;. applied to Bolton and Watt, under a feigned 
name, to assist him in the constmction of a steam engine snited 
to the purpose of propelling a steam vessel ; the disguise dis* 
coTered ; returns to America, and along with Liyingston ob- 
tains the monopoly of steam navigation in the state of New 
York, for their invention of steam boats, his first boat the 
Clermont, inferior in velocity to the first by Miller, Taylor, and 
Symington, 207. Account of the experiments of the Clermont 
steam-vessel, 208. The merits of, 211. 

Garay, (Blasco de) Account of a machine for fn^pelling vessels 
without sails or oars, by, 223. 

Gas, Steam in its attenuated state, a transparent, in viable, and col- 
ourless, 4. 

Gear, use of the hand, 283. 

Gelatine, Method of extracting, from bones, 165. 

Gillingham's and Winans' locomotive steam-engine, an account of, 
347. 

Glass, the pulse, an invention attributed to ]>r Franklin for illus- 
trating the process of ebullition in vacuo, description of, 28. 

Goodlet's invention of a method of producing evaporation and 
drying by steam, 156. 

Great Western steam-vessel, the size and power of the, 256. 

Greenhouses, Warming of, by steam, 150. Experiments at thef 
palm-house of the Botanic Garden of Edinburgh, 151. 

Gumey*s locomotive steam-engine, account of the performances 
of, 340. 

Gutzmer's vertical steam-eng^e, 263. 

Haig's patent for an improvement of the carriage wheels of loco-^ 
motive steam-eng^es, 351. 

Hall's, (Adam,) practical advantage in navigation by steam, 241. 
Patent reefing paddle-wheel, 316. 

Hancock's patent for an improvement on the fijre bars of locomo^ 
tive engines^ 341. 

Hand gear, the use of the, 283. 

Harrison's patent for an improvement on the wheels of locomo- 
tive steam-engines, 349. Patent for placing locomotives on two 

* carriages instead of one, 352. 
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Heat> vide Caloric. 

Heights, The barometrical ihethod of measuring, 20. Rules for 
finding, by boiling water, suggested by Fahrenheit, 23. 

Hicks' patent for an improTement in the cylinders of locomotive 
steam-engines, 344. 

Ifigh pressure steam-engine. Explanation of the source of motion 
in the, 31. Taylor's and Arsberger's experiments on, 68. 

Horses, Newlands* steam apparatus for cooking the food of, 169. 

Hothouses, Warming of, by steam, 150. Experiments at the palm- 
house of the Botanic Garden at Edinburgh, 151. 

Howard's improvement of distillation in vacuo usefully employed 
in the refining process of sugar, and adapted to obtaining deli- 
cate extracts from vegetables, 27. 

Hulls, (Jonathan) A tract published in the year 1736, suggesting 
steam navigation by, 225. Patent granted to, with description 
and plan for a steam-boat, 227. Professor Renwick^s detrac- 
tions from the merit of, 230 

Humphrey*s description of the French steam-eng^e, 268. 

Ice, water, and steam, three conditions of the same substance^ 7» 
Effects of caloric on, when in the process of melting, 130. 

Invention of navigation by steam awarded-to Miller, Taylor, and 
Symington, 226. 

Italian claims to the invention of navigation by steam, 238. 

Ivory's formula for the elastic force of steam, 107. 

Jupiter, comparative temperature of, with that of the earth, 9. 

Laplace's experiments on aqueous vapour, 104 ; determination of 
the latent heat of steam, 133. 

Latent heat, vide Caloric. 

Lavoisier*s determination of the latent heat of steam, 133. 

Liquids, Description of the apparatus for boiling, by steam, 158. 

Livingstone, nine years after Miller's successful experiment, as-> 
tempts steam navigation in America, a failure, co-operates with 
Fulton in the construction of a steam- vessel on a large scale^ 
result, 203 ; along with Fulton obtains the monopoly of steam* 
navigation in the state of New York for their invention of steam- 
boats, 207 ; the first to form mercantile steam navigation on 
the Hudson, in America, 239. 
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Lirerpool and Blanchester ndlmy. Account of the o 
of looomotire itcam cATrUgei on the, 829. 

lirerpool tteain-Teai«li, the liie uid powor of the, 2G0. 

Looomotioii from rtetn. Watorj of the tnraBtion o^ and eiO- 
connt of Watt's, Bobison-8, and Murdoch's fint aUwapt at 
Sn. Biohard Trerithiok the fint peraon who reduced Ute 
theory of, to practice, with deicription of bis engine, ib. 
George Stephenaon the infentor of the blast for, 819. Im- 
proTSmeiitB by Tievithiak, 319. BUnldiuop'i pateitt lor the 
improvement of, 320. Ch<4>nuui'» patent for the improT«&ent 
of, 321. Deacription of Greorge Stephenson's engine for, S2E, 
WaUier'a and Rastrick's report on the comparallre merita of 
fixed sjid locomotire engines, 327. Stephensoa's and Locke's 
eundnatjon of Walker's and Raatrlck's report on, 828. 

LoooutotlTe steam-engines. An account of the eompetitloA of, on 
the Lirerpool and Hsinchester railway, 829. Stephenson's 
Rocket, 331. An occouut of Stephenson's first nght, 338. 
Brathwute's NoTelty, 332. Bury'simprorement on,337. Hnr- 
doch aud Aitken'a metallic pistans first applied to, 339. Ste- 
pheoson's patent for an improrement on the (uclaa of, ib' An 
account of Onmey's, 340, Mode of r^Ktering the speed of, 

341. Hancock's pateut for the improTement of the fire-bars of, 
ib. Maceroni's patent for an improvement on the biulera of, 

342. Bobert Stephenson's patent for the cranked axles In, ib. 
Hick's patent for an improvemement on the cylinders of, 344. 
White^de's patent for ao improvement of, 346. Baldwin's ot- 
temptaat improvement of, ib. BIyth's patent for retarding the 
speed of, 346. Account of the performances of Oillingham and 
Winan'a, 347. Accoont of Church's, 348. Harrison's patent 
for the improvement of the wheels of, 349. Harrison's patent 
for placing two on one corrii^e, 352. Booth's patent for the 
supplying fuel to, 350. 

Low pressure steam-engine, The source ofmotionin the, explained, 
.ll. 

Lussac's experiments on the latent heat of steam, 133 ; experi- 
ments and account of his apparatus for determining the specific 
gravity, density, and volume of steam, 136 ; table of the den- 
sity and volume of steam, 140. 

Maceroni's patent for an improvement on the bcdlers of the toco- 
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Marine steam-engine. Vide Steam-Engine. 

Mathematical law which connects the elastic force of yapour with 
its temperature^ 94. 

Melling's new mode of opening and shutting the slide valres of lo. 
oomotive steam-engines, 337. 

Mercury. The capacity for caloric of, 128. 

Miller, (of Dalswinton.) Mechanical pursuits of, invention of the 
carronade by, and attempts to improve naval architecture of^ 
181. Experiments in propelling vessels by powers other than 
the force of wind, 182. Account of experiments on paddle- 
wheels by, 185. Taylor's suggestion of the steam-engine as a 
power of propelling vessels, to, 186 5 adapted Symington's lo- 
comotive steam-engine to the purpose of turning the paddle- 
wheels, 189. First vessel propelled by steam put in moUon on 
the lake at Dalswinton belonging to, 190. Experiments on 
navigation by steam on the Forth and Clyde canal, and the ves- 
sels, with account of the trial by Lord Cullen, 194. Invention 
of steam-navigation by, attacked by Professor Benwick, 236. 
Benwick's misrepresentations of, exposed, 236. 

^Morris. An account of a locomotive steam-engine by, 352. 

Motion, the source of, in high and low-pressure engines, explained, 
31. 

Mountains. Barometrical method of measuring the heights of, 20. 
Steam may be rendered the means of determining the heights 
of, 21. Bules for finding the heights of, by boiling water, sug- 
gested by Fahrenheit, matured by Cavallo, and completed by 
WoUaston, 24. 

Murdoch's first attempt at locomotion from steam, 317. 

's and Aitken's metallic pistons first applied to locomo. 

tion by steam, 339. 

Napier, (David,) improvements in the construction of steam- vesn 
sels by, 245^ method of ascertaining the difficulties to be encoun- 
tered by navigation by steam in the open sea by, 246; establishes 
the first communication by means of steam, between Greenock 
and Belfast, 247 ; simplification of the marine steam-engine by, 
265. 

Napier, (Bobert,) Improvement of steam- vessels by, 251. 

Navigation by steam, Beflections on the vast importance of, to the 
civilization of mankind, 171* Bapid increase of steam-vessels in 
Britain and Ireland^ 173. A statement of the approximate num* 
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ber, tODUftge, and power of resMlt belongliig to ttui meroantile 
itMLtn-mtniieofthe United Kingdom, trnditidependenciei, for tU 
jear ending 183S,174. Increase of tdnce 183S,«ndeatinute of the 
amonntof capital afloat in BritiBhsteain-Blup8,I7B. Increase of, in 
Amenca, superiority of river steunerB tlieretothoM of Britain, 
tft. Estimate of tlicinumbcrofuteam-Bliipsin America,176. InTen> 
(!on of, 177. Competitors for the honour of the inrention of th« 
modem art of, Patriclc Miller, James Taytar, and William Sjm- 
io^on, eiuniiiation of each of their claims, and found to be the 
joint inventionuf these throe, 181. Account of IVfiller, luid his e±. 
perimenta tn, ib. Taylor, and his enggestions of, 184. Syming- 
ton, and his improvements in, 167. Lord Cullen's account of 
Miller's experiment in, 194. Sum expended bj Miller in im< 
proving, 196 ; invented and perfected in Scotlaad, but its pro- 
gress slow and ditBcnlt from old habits and prejudices; early 
fostered and brought to maturity in America, 208. Contrast 
of, on the Clyde thirty years ago, with that of the present day* 
221. Conten^ng cUims to the invention of, 222. The inien- 
torsof,not rewarded, ajust reproach tothis Mngdain,ii. Claims 
to the invention of, by the British, the American, the Spanish, 
and the Italian nations, 223. The invention of, awarded to Mil- 
ler, Taylor, and Symington, 220. Progress of, in America and 
Europe, 239. First mercantile, in Europe, on the Clyde, by 
Bell, and in America, on the Hudson, by Fulton and Livingston, 
239. Stevens the author of, in the open sea, 240. Practical 
advantages introdnced by Hall in, 212. Table of the compara- 
tive size and power of ax of the largest of the recently con- 
structed vessels for Transatlantic, 2&6. Theory and practice of 
inodern, 257, 

Newlands' steam apparatus for cooldng the food of cattle and 
borses, 169. 

Newton, (Sir Isaac,) the determination of colours by, 5. 

New York, steam- vessels, the ^ze and power of the, 256. 

Nobili, notice of, on the colours transmitted by their strata of va- 

Novelty, An account of Brathwiute's locomotive steam-engine the. 



Paddles, Contrivances of the Egyptians and Bomana in navigation 
by, 178. Miller's experiments on, 185. AppUcation of Sym- 
ington's engine to the turning of Miller's, 189. 
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Paddle-wheel pMfwred u the beat pmpelkr of BteMn-resselB, 307. 
Account of variooa kinda of, 308. Deacrip^on of, by David 
Stepheagon, 313. Buchanan's account of a reeflog, 316. Hall'a 
patent for a reefiag, 316. 

Papin's new digeater for soltening bones and caoklng b; ateain, 
163 ; method of extracting gelatine from bonea by ateam, 16G j 
[oston and rack for propelling stupe, 179. 

Parlie's investigation respecting the qmuitit; of ateam obt^ed 
from a given quantitj of water and fuel, 142. 

Planet, Anaccouut of the locomotive gteam-engine, 338. 

Power, The proportjon of, to the tonnage of ateam-veaaeb, 284. 
Rule for finding the best proportion of, to the tonnage of Bteun- 
vesaela, 28fi. 

Preaident steam-veBael, The size and power of the, 266. 

Proportions, form, and Diechanical structure of steam-veasels, 293. 

Propnlsion, The immediate mechanism of, 306. 

Fronj, (M. de,) hia formula of the laws which govern the rela- 
tion between the temperature and the elasticitj of aqueous va- 
pour, 103, Formula for the vapour of alcohol, 104. 

Pulse Glass — ride Glass. 

Renwick, (Professor,) The detractions <^, from the merits of Jo- 
nathan Rail, uBcondid, ungenerous, and iacorreet, 233. Wo]^ 
on the aleam-engine b;, 330. Attaok upon the invention of 
Miller, and praise of Fulton by, 335. Misrepresentations as to 
the inveutioa of oavigatioa by steam by, 336. Account of tbe 
practical advantages introdaced b j Adam Hall in navigation by 
steam by, 343. 

Robison's, (Dr,) observatjons on the sounds of steam, 11 ; expe- 
riments on the phenomena of the temperature and elastic force 
of steam, and description of bis apparatus, 39 ; suggestions of 
locomotioQ by steam, 317. 

Robison's, ( Sir John,) observations on the variations of the atmo- 
aphere, 19. 

Roche's formula of tbe elastic force of steam, 107. 

Rocket, A deacription of Stephenaon's locomotive ateam-engine 
the, 331. 

Romans, Contrivances for propelling ships by paddlea of the, 178. 

Ruroford's method of ascert^aing the latent heat of steam, 133. 

Rupert's (Prince) wheeUboat, 178. 1 
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Set, Stavnu tha knthor of myigtHoa by (teun In the open, 245. 
KapieF** (Dkidd^ metliod of Moertaiidiig the dificaltJM to be 
enconntered by imlgaUoii by steam in the open, 246. The firtt 
commimicatioii between Greenock mnd Bel&st, by means of 
•tMOii establiihed by Darid Napier, 247. Aeoonnt of the eoDi- 
■truotion of steam- veuele for oarigation in the open, 248. 

Schmidt 'i formula for the elastic force of Meam, 107 ; experi- 
menta in determining the latent heat of steam, 133. 

Scotland, NavigatloD by steam inrented in, bat ita progreM slow 
and diffionlt from hahita and prejudices, 208. 

Soimda of steam. Causes of the, and KoUeon's obwrratloua on thei 
II. 

Southern's experiments on the elastic force of steam, and dlSbrence 
from those of Watt, 60 ; lett«r on the elastic force of steam, 
62; experiments on the latent heat of steam, 133. 

Spsniah claims to the Inrention of nari^ion by steam, 223; ac- 
count of Blasco de Garay's machine for propelUng vessels and 
fleets without swls or oars, 223. 

Speed, Mode of registering the, of locomotire steam-engines, 341. 

Stanhope's revital of duck's-feet oars, 179. 

Steam, General nature regarding the properties, phenomena, and 
applicatioDs of, 3. Water, ice, and, three condidons of the same 
substance, 7, Alterations on, 8 ; one of the gases, 9. De- 
scription of the generating of, ai seen in a glass Tesoel by the 
^■plinttion of fire to water, 10. Sounds of, ib. Caoses of the 
sounds 0^ 11. Robison's obserTations on the sonnds of, ib. The 
temperatore of, always the asme as that of the waterwhich pro- 
duces it, 13. The boiling point of, ib. Caloric in, 1 5, Ba- 
rometrical changes on, 20. Productiou of, affected by the pres- 
sure of air, 17. Dalton's experiments in, 13; may be rendered 
the means of determining the heights of mountains, as a inbsti- 
tute for the barometer, 21 ; as a means of determining haghts, 
suggested hj Fahrenheit, 23. Worcester's experiments on the 
expansion of, 31 ; an coonomiier, distributor, and reservoir of 
heat from the combustion of fuel, 32 ; the means of extract- 
ing wholesome and nutritious food from the most unpromising 
materials, ib, Ziegler's researches concerning the elastic force 
of, 33. Dr Robison's experiments on the elastio force of, 
39. Watt's experiments on the elastic force of, 45. Various 
experiments on the elastic force of, 6QS9. Taylor's and As- 
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berger's experiments on the high pressure of, 68* Experimeiits 
of the Fren<^ Academj of Sciences^ and of the Franklin Insti- 
tute^ on the dastic force of, 75-88. Table of the Franklin In- 
stitute of the elastic force of, from one to ten atmospheres, 93. 
Mathematical law which connects the elastic force of, with its 
temperature, 94. Varions formulse for the elastic force of, 109* 
Method of determining the latent caloric of ordinary, 131. Va- 
rious experiments on the latent heat of, 133. Lussac's experi« 
ments, and an account of his apparatus for determining the spe* 
cific gravity, density, and volume of, 136. Di^ton's table of the 
density of air and, 139. Lussac's table of the density and volume 
of, 140. Table of the force of, at different temperatures, 124. 
Quantity of, obtained from a given quantity of water and fuel, 
142. Warming apartments by, 143. Economy of fuel in, 144. 
Warming hothouses by, 150. Experiments in warming the 
palm-house of the botanic garden of Edinburgh by, 151. Eva- 
porating and drying by, 154. Warming baths, boiling liquids, 
and distilling by, 158. Preparation of food by, 161. PajMn's 
engine for cooking by, 163. Newlands' apparatus for cooking 
food for cattle and horses by, 169. 

Steam-engine, the principal source of motion in a high pressure 
and also in a low pressure explained, 31. Description of the 
beam, or lever, as used on land to turn round machinery, 259. 
Account of Gutzmer's vertical mu*ine, 263. David Napier's 
Amplification of the marine, 265. Description of the steeple 
marine, 266. Humphrey's trunk marine, 267. Cylinder of the 
marine, 268. 

Stevens, (R. L.,) the author of steam navigation in the open sea^ 
240. Improvements of the steam-engine by, 240. 

Structure, proportion, and form of steam-ships, 293. 

Sugar, Howard's improved method of refining, by steam, 27. 

Synungton, a competitor for the honour of the invention of the 
modem art of navigation by steam, 181 ; applies his engine to 
the purpose of turning the paddle-wheels of Miller's boat, as 
suggested by Taylor, 189 ; constructed a steam- vessel for the 
purpose of superseding the use of horses in towing vessels along 
the Forth and Clyde canal, an account of the experiment and 
vessel, 198 ; gives Fulton an account of his steam- vessel, 206. 

Taylor's experiments on high pressure steam, 68. 
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Taylor, (James,) a oompetitor for the honour of the inyention of 
the modem art of navigation by steam, 181. SdQUer's experi- 
ments on paddle* wheel boats witnessed by, 185 ; conyersations 
with Miller on powers for propelling vessels other than the 
force of wind, ib ; suggests the steam-engine as a power for 
propelling vessels, 186 ; proposed the application of Syming- 
ton*s locomotive engine to the turning of the paddles of idler's 
boat, 189. 

Temperature, Comparative, of the earth with that of Jupiter, 9. 
of steam always the same as that of the water which produces 
it, 13; of the atmosphere, variable, 19. Table of, as affecting 
the boiling of water, 20. Betancourt*s experiments on the 
force of the vapour of water, alcohol, and other liquids at va* 
nous, 36. Dr Robison's experiments on the, and elastic force 
of steam, 39. Mathematical law which connects the elastic 

. force of steam vrith its, 94. Dalton's table of the elastic force 
of steam at various, 61. Table of the Franklin Institute of the, 
of steam, 88. Dalton's experiments on the vapour of water at 
various, 98. Dalton and Fahrenheit s scales of, 101. Prony's 
formula of the law which governs the relation between the, and 
the elasticity of aqueous vapour, 102. Table of the foroe of 
steam at different, 124. 

Thermometer, intensity of caloric ascertained by the, 127* 

Thomas* patent for economizing fuel for locomotive engines, 352. 

Thomson, (John,) the Elizabeth steam- vessel of thirty-three tons 
belonging to, probably the first remuneratinff steam-vessel in the 
world, a description of, 219. 

Tonnage, The proportion of power to, ^84* ]^ule for finding the 
best proportion of power to, 289. 

Trevithick, (Eichard,) the first person who reduced the theory 
of locomotion by steam to practice, 317. Account of his first 
trial, and description of his engine for obtaining locomotion by 
steam,[318. Various improvements in locomotion by, 319. 

Trunk steam-engine by Humphreys, an account of the, 267. 

nre*s, (Dr,) experiments on the elastic force of steam, and ac- 
count of his apparatus, 62 , table of the elastip force of steam 
by, 67. 

Unicom steam-vessel, account of the performances of the, 253. 
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Vacuo^ ebnUitioii in, 17. Distillation in, 26. Distillation in, adapt- 

. ed to obtaining delicate extracts from vegetaUes, 27. De- 
scriptk>n of the pulse glass for iUustrating the process of ebol- 
lition in, 28. 

Vacttinn, The principal source of power derlred from using steam 
for the purpose of forming a, in low pressure engines, 31. 

Valves and valve passages of the marine steam-engine, 279. The 
eccentric, 281. The expansive, 283. 

Vapour, Nobili*s notice of the colours transmitted bj thin strata 
of, 6. Betancourt's experiments on the force of the> of water, 
36. Dalton's experiments on, 97. Prony's formula of the 
law which governs the relation between the temperature and 
the elasticity of aqueous, 102. Laplace's experiments on, 104. 
Blot's experiments on, 105. Prony's formula for the, ot alco- 
hol, 104. Table of the elastic force of, in inches of mercury at 
cKiferent temperatures, 120. 

Variations of the atmosphere. Sir Ji^in Robison*s observations on, 
19. Table of, as affecting the boiling of water, 20. 

Vegetables, Howard's improvement of distillation in vacuo in the 
refining of sugar, and also adapted to obtaining delicate extracts 
from, 27. 

Walker and Rastrick's report on the comparative merits of fixed 
and locomotive engines, 327. 

Warming apartments by steam, 143. Economy of fuel in, 144. 
Manner of effecting the, ib. Description of apparatus for, 147. 
baths, boiling liquids, and distilling by steam, 158. 

Water, steam, and ice, three conditions of the same substance, 7. 
The phenomena of the ebullition of, 11. The temperature of 
steam always the same as the, which produces it, 13. The tem- 
perature of the air regulates the boiling point of, 19. Sir John 
Robison's observations on the point of ebullition of, ib* Rules 
for finding the heights of mountains by boiling, originally sug- 
gested by Fahrenheit, matured by Cavallo, and perfected by 
WoUaston, 24. Betancourt's experiments on the force of the 
vapour of, 36. Dalton's table of the force of steam from, at 
various temperatures, 61. Dalton's experiments on the vapour 

' of, at various temperatures, 98. The capacity for caloric of, 
128. 

2i 



A 



N 



378 INDEX. 

Watt, account of his experiments on the elasiic ^orce ot steani, 45. 

- Table of results of his experiments on the elastic force of steam, 
48. Difference between his and those of Southern, 60. First 
determined the latent heat of steam, 132. Condufdons as to the 
amount of caloric in a giren quantity of elastic vapour by, 134. 
flMljr attempts at locomotion by steam by, 3X7. 

Whiteside's patent for the improrement of locomotion from steam, 
345. 

Wollaston perfected the method of finding the heights of moun- 
. tains by boiling water, and illustration of his apparatus, 24. 

Worcester, (Marquis of,) experiments on the expansion of steam 
by, 31. 

Young*s (Dr) formula for the elastic force of steam, 107. 

Ziegler's researches concerning the elastic force of steam, 33.^£x- 
, planation of the experimental boiler by, 34. 
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VII. 
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MINERALOGY, according to the Natural History System. By Bobbrt 
Jameson, F.R.S.S. L. & E., Regius Professor of Natural History and 
Lecturer on Mineralogy in the University of Eklinbun;h, &c. &c. &c. 
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A SYSTEM OF AGRICULTURE. By Jambs Cleghorn, Esq. 
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